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Acetone. C«H 60 "= C'H'O^C 2 HL 

The Brothers Derosne. Ami, Ohim. 63, 267. 

Proust. J, Fhys. 56, 200; also A. Gehl. 5, 578. 

Chenevix. 32, 191. 

Macaire & Marcet, Jun, BihL mihers 24, 123; also Schv), 40, 348. 
Matteucci. Ann. Ohim. Fhys. 46, 429; also J. Ohim. mid. 7j 419. 
Liebig. Ann. Fharm. 1, 223; also Fogy. 24, 285. 

Dumas. Ami. Ohim. Fhys. 49, 208; also N. Tr. 26, 1, 309, 

Bobert Kane. Fogg. 44, 473; also J. 'pv. Chem. 15, 129. 

Lowig & Weidmann. Fogg. 50, 299; also J. pr. Chem. 21, 54. 

Zeise. With Chloride of Platinum: Fogg. 51, 6, 155 and 312; also 
Ann. Fharm. 41, 27; 43, 69; also J.pr. Chem. 20, 193. — With’ 
Phosphorus : Ann. Fharm. 41, 27; 43, 69 ; also J. pr. Chem. 26, 
79 and 179. — With Sul];)hur and Ammonia : Ann. Fhamn. 47, 24; 
also J. pr. Chem. 29, 371. 

Stadkler. Nadir, ron der Gesellsdi. der JFiss. zu Gottingen^ 1853, No 9, 
p. 121; Chem. Ga%. 1853, 341. 

Pyroacetie Ether, Pyroacetic Spirit, Mesitic Alcohol, BrenzUcher Essig cither, 
BrmizUcher Es.sigyeh't, Brenzessiygewt, Eisiggeist, Mesitalhokol, Acoiun, Ether 
pyroacetiqne (Derosne), Eeprit py)oicetique (Chenevix). — Observed by Becher, 
Lemeiy, Rouelle, Stahl, Kuiikel, and others, in the dry distillation of 
acetates. ]\lore exactly investigated by the above-mentioned chemists, 
especially by Kane, after the true composition had been pointed out by 
Liebig and Dumas. 

Formation. 1. In the decomposition of acetic acid and its salts by 
heat (pp. 291,295). — 2. In the dry distillation of citric acid. (Robiquet.). 
Also in the dry distillation of sugar, gum, or starch with eight times its 
weight of lime (Fremy, Ann. Ohim. Fhys. 59, 7); also of tartaric acid. 
(Liebig, Ohim, org.) 

Freparation. By the dry distillation of an acetate. — The acetates of 
baryta and lime are the best adapted for this purpose; because they do 
not require so high a temperature to decompose them as the acetates of 
potash and soda, in the decomposition of which a large proportion of the 
acetone is resolved into empyreumatic oil, &c. (Pelouze), and because 
baryta and lime nevertheless retain the acetic acid too strongly to allow 
it to pass off undecomposed, as it does more or less from its combinations 
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with many heavy metallic oxides, which moreover often docomposo part 
of the acetone by giving np oxygen to it. The more gradually the 
heat is raised during the distillation, the greater is the yield of acetone, 
whereas if the heat be suffered to rise too high, the acetone is resolved 
into empyroumatic oil, &c. 

1. Perfectly dry acetate of baryta is distilled at a gradually incroaBing 
heat. (Liebig, Dumas.) Acetate of baryta when very pure and dry ykdds 
a colourless distillate, which is not acid, but consists wholly of acetone. 
(Liebig.) — 100 parts of acetate of baryta dried in vacuo arc resolved by 
dry distillation into 72*2 per cent, of carbonate of baryta, 1*2 charcoal, 
3 8*3 acetone, 6*6 water, and 1*7 gas (with loss). The distillate is freed 
from water by rectification over chloride of calcium. 

2. Four pounds of neutral acetate of lead arc intimately mixed with 
2 pounds of lime, which is slaked during the trituration by the water of 
crystallization of the lead-salt; the mass introduced, while still hot from 
this iiydration of the lime, into an iron quicksilver bottle (if loft longer 
it swells up and is less covenient to introduce); the bottle laid iu a nearly 
horizontal position in a furnace, but with its inoiiih slightly raisotl ; 
a short downward-bent iron tube screwed into the mouth; the joints 
luted with a mixture of 2 pts. lime, 1 pt. sand, and a small quantity of 
common salt; and the iron tube connected with a long wide glass tube, 
which is kept cool by an ascending current of cold water, and passes into 
a receiver surrounded with ice. The heat is gradually raised to redness. 
The crude distillate, containing acetone together with a small quantity of 
water and two volatile empyreumatic oils, is shaken up with chloride of 
calcium and distilled in the water-bath. The distillate is mixed witli 
coarsely pounded lime, set aside for a few days and frc([uontly agitated, 
and three-fourths of the liquid distilled off: this distillate generally 
consists of pure acetone. The remaining portion of the distilhite requires 
further purification. By this process, 4 pounds of acetate of load yield 
from 5 to 5^ ounces of acetone (Zeise); — Gottlieb (Ann. riumn. 
52, 127) proceeds in a similar manner, but rightly uses only 1 pound of 
lime, whereby the process is accelerated and a much more abundant 
product obtained. 190 pts. (1 At.) of acetate of load rc([uirc to decom- 
pose them into acetate of lime and oxide of lead only 20 pts. (1 At.) of 
lime; the excess of lime decomposes part of the acetone. If the process 
succeeded perfectly, 190 pts. of acetate of lead should yield 29 pts. of 
acetone, or 4 pounds should yield 9f ounces. 

Formerly acetone was obtained by distilling acetate of load alotio. 
Proust saturated, the last portions of the distillate thereby obtained with 
potash, and rectified it, after separating the empyreumatic oil by nuatliur 
nical means. — Choiievix, and likewise Macairo & Mu.rcet, mix( 5 d 
entire distillate obtained fi’oni the acetate of lead with ]K)taBh; distilhul 
off the more volatile portion; dissolved carbonate of potash in the distil- 
late thus obtained, thereby causing the acetone to separate anti rise to 
the surface; and then rectified it over chloride of calcium. — Gm. distilhul 
the distillate obtained from acetate of lead, over milk of lime; then twice 
and only partially, in order to resinize the empyreumatic oil, over chloride 
of lime (which, however, according to Liebig, may convert the ac('<tono 
into other products); then twice over chloride of calcium, hut oul/par- 
^6cause towards the end an impure spirit passes over. — Liebig, in 
distilling acetate of lead, changed the receiver as soon as the water and 
acetic acid which first passed over were replaced by a combiisiihlo distil- 
late which was nearly colourless, and had scarcely any acid reaction; 
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rectified tMs distillate in tlie water-batli; re-distilled tlie rectified product 
several times^ always adding an equal volume of water^ till the residual 
watery liquid^ on the surface of which, drops of oil were visible on the 
first distillation, no longer tasted of empyreuinatic oil, and the distillate 
no longer exhibited any acid reaction; and finally, set the distillate aside 
in a stoppered bottle, together with a very large quantity of chloride of 
calcium; then decanted, and rectified it over fresh chloride of calcium. 

The brothers Derosne prepared acetone from the last portions of 
liquid obtained by the distillation of crystallized verdigris; Trommsdorfi* 
obtained it by tlie dry distillation of acetate of soda. 

Tt is difficult to obtain acetone quite free from empyreumatic oil, un 
impurity whose presence may bo recognized by its odour. 

Properties. — Transparent, colourless, very thin liquid. Sp. gr. 0'75 
(Trommsdorfi); 0‘7864(Chenevix); 0 7921 atl 8° (Liebig); 0-822 (Gm.); 0*88 
(Proust); 48^ Bm. or about 0*792 (Derosne); 0'8140 at 0° (H. Kopp, Pogg. 
72, 1). Does not solidify even at — 15° (Chenevix).' Boiling point: 55*6^ 
(Liebig); 56° at 0*76 met. pressure (Dumas); 56*25° (Gm ); 57° (Reichen- 
hach); 59° (Chenevix); 56*3° at 0*76 met. pressure (H. Kopp). Evapo- 
rates in the air, producing a considerable degree of cold. (Trommsdorff.) 
Vapour-density: 2*0025 (Dumas); 2*022 (Kane). — Has a* pungent odour 
which, according to Trommsdorff, resembles that of ether, and somewhat 
that of garlic; according to Chenevix, it resembles those of the oils of 
pepperpiiut and hitter almonds; according to Gm., it is sweetish, like 
that of acetic ether. Its taste is biting like that of camphoi', and burn- 
ing (Trommsdorff); burning at first, afterwards cooling and somewhat 
urinous (Chenevix) ; strongly refreshing, but with a biting and burning 
character; the after-taste sweetish and pungent. (Gm.) — Neutral: 


Macaire & 

Liebigs:. Dumas. Kane. Marcet, Matteucci. 

6C 36.... 62-07 .... 62*15.... 62*44.... 62*5.... 55*30.... 59*86 

6 H 6 .... 10*34 .... 10*45 .... 10*20 .... 10*2 .... 8 20 .... 6*40 

2 O 16 .... 27*59 .... 27*40 .... 27*36 .... 27*3 .... 36*50 .... 33*74 


CWO- .... 58 .... 100-00 .... 100*00 ..., 100*00 .... 100*0 .... 100-00 .... 100*00 

Vol. Density. Or: VoL Density. 

C-vapour 6 .... 2*4960 Aldehyde-vapour . .. 1 .... 1*5252 

H-gas 6 .... 0*4158 Methylenc-gas 1 .... 0*4853 

O-gas 1 .... 1*1093 


Acetone-vapour .... 2 .... 4*0211 1 .... 2*0105 

1 .... 2*0105 


Acetone is regarded by Chancel as a conjugated compound of the 
methylene-series, = C^H^O^CHi” (VII, 214), and by Kane as an alcohol, 
probably containing the nucleus C^'H^ and = C®H'^,H^Ol In favour of 
ChanceLs and against Kane’s view, it may be alleged that, in the decom- 
position of acetone by oxidation, no compounds are formed containing 
C® {e. g.y not acrolein, C^H^O^ or acrylic acid, C®H^O0, but compounds 
belonging to the ethylene and methylene series, such as acetic and formic 
acid (VII, 215); that all other alcohols are formed from nuclei containing 
equal numbers of carbon and hydrogen atoms, e. g. C^H^, C^H^, and 
and lastly, that the products which Kane obtained from acetone 
and regarded as corresponding to ether, chloride of ethyl, &c., show, by* 
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tlielr sligTit volatility, and by various otlier characters, that they should 
be regarded as compounds containing 12 or more atoms of carbon. On 
the other hand, if Chancers view be adopted, it is difficult to assign any 
rational formula to Kano's products, such for example as chloride of 
fteUyl, and nitrite of pteleyl, C^H^NO^ = C'^dr'X {md. p. 23). 

Such being the uncciTainty which exists respecting the real constitution 
of these products, it will be host to consider them in the form of an 
appendix, immediately after acetone. 

% According to the more recent views of Chancel and Gcrhardt, 
acetone may bo regarded as aldehyde in which 1 At. H is replaced by 
methyl; in fact, aldehyde and acetone are formed upon the type hydrogen, 
HH, just as acetic acid and acetate of methyl are formed from the type 
water (HH)0 ; thus (VII, 17): 

^ I Hydrogen. Water. 

C=H’0}Aldehycle. Acetic acid. 

Ch 3 j -Acetone. vO Acetate of methyl. 

Stadoler likewise regards acetone as aldehyde, in which IH is replaced 
by methyl; thus; aldehyde = acetone = 01 If. 

Decompositions, — 1. Acetone passed through a reddiot Uihe is con- 
verted, with deposition of charcoal and formation of a small quantity of 
water into the oil (dumasin), which generally goes over with acetone 
produced by the dry distillation of acetates. 

2. Acetone is more easily set o?iAVethan alcohol, and burns completely 
away, with a bright white flame, which is blue at the edges, and docs 
not deposit soot. (Trommsdorff, Chenevix.) The flame is reddish yellow, 
faintly blue at the lower part; it has the same degree of brightness as 
that of ether, and only smokes a little when a piece of cold metal is held 
above it. The combustion produces nothing but carbonic and water 
(Trommsdorff); no acetic acid. (Liebig,) — Air mixed with vapour of 
acetone is likewise inflammable, — Acetone sprinkled in the dark on a 
red-bot iron exhibits a blue flame (alcohol does not). (Brewster, Dd. J, 
of Sc.^ 4, 140). — Acetone may be preserved without alteration in a 
bottle containing air. (Liebig.) 

3. Dry Chlorine gas passed Into dry acetone is abundantly absorbed, 
with rise of temperature and evolution of hydrochloric acid ga^, without 
altering the appearance of the acetone (if, however, water bo present, 
chloroform is precipitated in the form of an oil). If the passage of the 
chlorine be continued, and the liquid at the same time heated from 
without till the action ceases, the acetone is found to be converted into 
a heavy oil containing chlorine. (Liebig.) This oil is Kane’s mositic 
chloral: 

+ 4C1 = C«H‘iC1202 + 2HC1. 

But it is impossible to replace the whole of the hydrogen by chlorine, 
even at 100° and in sunshine. (Dumas & Kane, 4727?.. (7/im. 73^ 

94 .) — Unsatisfactory experiments with chloiine had been previously made by Alacairo 
& Marcet, and by Matteucci. — When acetone is distilled with aqueous ' 
chloride of lime, chloroform is evolved and carbonate of lime precipi- 
tated. (Liebig.) ^ 
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Several substitution-products are obtained by tlio action of a 
mixture of chlorate of potash and hydrochloric acid on acetone. These 
compounds are oily, have an Intolerable odour, and produce iiiflannnation 
when they come in contact with the skin, these e&ects being produced 
in greatest intensity by the compounds containing the smallest pro- 
portion of chlorine. The products which are poorer in chlorine are 
decomposed by potash, with production of a brown colour and separa- 
tion of resinous masses, whereas the addition of potash to those which 
are richer in chlorine effects no change in the colour. The com- 
pounds act in the same manner with strong sulphuric acid. They are 
all much more soluble in cold than in hot water; a saturated cold 
solution becomes turbid even with the heat of the hand, whilst a heat of 
50° — 60^ separates the greater portion of the dissolved compound in 
heavy colourless drops. The same compounds are formed by the action 
of nascent chlorine on other organic bodies; especially by the action of a 
mixture of chlorate of potash and hydrochloric acid on kinic, citric, or 
gallic acid. The aid of sunshine is required to effect the replacement of 
more than 5 At. H by Cl. (Stadeler.) 

Fentachloi'inated Acetone^ C®HCPO^, is a tolerably mobile, colourless 
liquid, having a burning aromatic taste, and a peculiar odour resembling 
that of chloral. It does not solidify at — - 20°, volatilizes gradually in 
the air, and boils at about 190°. Sp.gr. between 1*6 and 1'7. With 
8 At. water, it forms a compound which crystallizes in rhombic tables, 
and melts at about 16°. Its aqueous solution lias a distinct acid reaction. 
(Stadeler.) 

IJexachlorinated Acetone, C®CF0^, is obtained by the action of chlorine 
gas, aided by sunshine, on citric acid. Resembles the preceding com- 
pound in every respect. With 2 At, w^ater it forms a crystalline hydrate 
which melts between 15° and 16°. Plaiitamour, wdio discovered this 
compound, assigned to it the formula C^CFO^*; hut Stadeler shows that its 
composition agrees equally well with the above formula. (Stadeler.) f . 

4. Acetone in contact with Bromine and caustic potash yields hromo- 
form. (Dumas, Ann. Ghim. Pliys. 56, 120; also Bogg. 31, 654.) — Ace- 
tone prepared from citric acid likewise yields bromoforin. When a small 
quantity of caustic potash is added to the acetone, and then an excess of 
bromine, bromoforin separates in the form of a reddish oil, which may 
be decolorized by a small quantity of potash. (Cahours, N. Ann. Ghim. 
Fhjs. 19, 493.) — Is acetic acid also formed, according to the equation: 

+ «Br + 2HO = CdlBr'^ + + 3HBr, 

or rather acetate of potash, according to the following: 

C^IIW + 6Br + 3KO = C-HBr^ -h CnDlvO^ + 2IvBr + HBr + HO? 

With Iodine and caustic potash, acetone does not form iodoform or iodate 
of potash, but deposits a blackish pitch-like substance, which decomposes 
when heated, is insoluble in wmter, but dissolves in alcohol. (Bouchardat, 
J. Bharm. 23, 5.) 

5. The solution of Bhos'phoriis in acetone turns acid when kept for 
some weeks, and more quickly when heated, even in perfectly air-tight 
vessels, the change consisting in the formation of three acids, all con- 
taining carbon, hydrogen, oxygen and phosphorus, viz., Bhosphaoetic, 
Acephoric, and Acephosgenic acid, together with an insoluble compound of 
carbon and phosphorus. This transformation is not attended with the 
‘evolution of any gas or vapour; excepting that of acetone, part of which 
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compound remains undecomposed^ and may bo distilled off as a neutral 
liquid. 


Aceplioric Acid, 

Pure acetone is boated nearly to ibc boiling point for 24 hours witli 
a very large excess of phosphorus, in a flask which is fitted with a long 
ascending tube, having a bulb in the middle and the part beyond the 
bulb bent downwards, the bulb being surrounded with cold water, so that 
the acetone which rises into it in vapour may be condensed and flow back. 
The cooling of the bulb is then discontinued and the undecom posed 
acetone distilled over; the thin syrupy residue poured off from the 
remaining phosphorus, and a sufficient quantity of acetone distilled from 
it to convert it into a thick syrup; this syrup diluted with six times its 
bulk of water, whereupon it becomes milky from separation of a light 
yellow body containing phosphorus; the filtrate mixed with oxide of 
lead, set aside in a close vessel, and frequently agitated till it hecomes 
neutral or retains but a slight degree of acidity; and the solution of 
acephorate of lead separated by filtration from the white powder consist- 
ing of phosphacctate, acephosgenate, and a small quantity of phosphato 
of lead. The load is precipitated from the filtrate by sulphuretted 
hydrogen; the liquid filtered; saturated with lime; and the acephorate of 
lime, purified by solution in alcohol (which loaves behind a small quantity 
of admixed acephosgenate of lime), and by precipitating tbe filtrate with 
ether (any phosphacetate of lime that may be present then remaining in 
solution). To obtain tbe acid in the free state, it is best to separate it 
from the aqueous solution of its lead-salt by sulphuretted hydrogen. 

The aqueous acid leaves when evaporated a light yellow varnish 
having a very sour taste. In this state it gives off', when heated nearly to 
redness, a gas (which does not take fire spontaneously) and thick white 
fumes, leaving after the ignition, a carbonaceous mass from which water 
extracts phosphoric acid, while flocculeut charcoal remains. 

The acid dissolves readily in water. Its salts are either gummy or 
pulverulent; do not give off pliosiilmrctted hydrogen when heated; 
dissolve readily in water and also in alcohol. Their aqueous solution is 
not precipitated even by subacetatc of load, but only by nitrate of silver, 
which after a while (immediatel 3 ^, with the aid of heat) produces a 
brown-black precipitate. 

The Ammonia-salt hecomes acid when its solution is evaporated in 
vacuo. — The Soda-salt dissolved in alcohol has a slight alkaline reaction. 

- — The Lime-salt is perfectly neutral. When subjected to dry distillation 
it yields products having an acid reaction. The phosphorus which it 
contains is not completely oxidized by strong nitric acid, but readily by 
heating with carbonate of soda and nitrate or chlorate of potash. — The 
Lead- salt, when its aqueous solution is evaporated, is partly converted 
into an insoluble residue. (Zeise.) 


PhospTiacetic Acid, 

The white pulverulent mixture of phosphacetate, acephosgenate, and 
phosphate of lead, is diffused in water and decomposed by sulphuretted 
hydrogen; the filtrate saturated with lime; the solution of phosphacetate 
of lime separated by filtration from the imdissolved acephosgenate and 
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pliospliate; tlio filtrate; wliicli would be liable to decomposition by evapo- 
ration; mixed with nitrate of lead to precipitate tlie pliospli acetic acid as 
a lead-salt; the pliosphacetate of lead difiiised in water, and decomposed 
by sulphuretted hydrogen ; and the filtrate evaporated. 

The phosphacctic acid then remains as a light yellow varnish having 
a very sour taste. When heated, it gives off a large quantity of gas, 
which sometimes takes fire and bums feebly; and thick white fumes, 
leaving phosphoric acid mixed with fiocculent carbonaceous matter. 

The acid dissolves very readily in water. Its salts do not give off 
pliosphuretted hydrogen when heated. — The Baryta-salt (mixed with 
acephorate) is a colourless or yellowish neutral mass, sometimes crystal- 
line, sometimes like varnish. It yields by dry distillation, a gas, a small 
quantity of colourless distillate and carbonaceous residue, and does not 
take fire when heated in contact with the air. It is instantly turned brown 
by immersion in oil of vitriol, and black if heat he applied. Dissolves 
readily in water, but very slightly in alcohol, which indeed precipitates 
it from the aqueous solution. The aqueous solution of the baryta-salt 
yields a white pulverulent precipitate with nitrate of lead; a greenish 
brown, gelatinous precipitate with protochloride of copper; a white bulky 
precipitate with corrosive sublimate; and with nitrate of silver a copious 
white precipitate, which turns black in half an hour at ordinary tempC'- 
ratures and immediately when heated. (Zeise.) 


AcepJiosgcnic Acid. 

After the aqueous solution of phosphacctato of lime has been filtered 
from the acephosgenate and pliosj^hate (yid. su2'>') l^be lime in these two 
salts is replaced by soda; the phosphate of soda separated by crystalliza- 
tion from the acephosgenate; the solution of the latter precipitated by 
nitrate of lead; and the acephosgenate of lead treated with sulphuretted 
hydrogen to separate the free acid. 

On evaporating the aqueous solution, the acid remains in the form 
of a pale yellow, strongly acid varnish, which is resolved by heat into a 
large quantity of gas (free from pliosphuretted hydrogen), white fumes, 
and phosphoric acid mixed with charcoal, 

Acepho&geiiic acid dissolves readily in water. Its salts do not 
give off pliosphuretted hydrogen when heated. Many of them are 
insoluble or sparingly soluble in water, so that acephosgenate of soda 
precipitates a great number of salts; with nitrate of silver it forms a 
yellow precipitate (resembling phosphate of silver) which turns brown- 
black, slowly at ordinary temperatures but quickly when heated. (Zeise.) 


Insoluble Goinioound containing Carbon and Phosphoi^us. 

When the same portion of phosphorus is repeatedly treated with fresh 
quantities of acetone, there remains a greyish yellow viscid mass, having 
the consistence of turpentine. If the acid liquid be poured off from this 
mass, and the residue treated, first with water to remove the remaining 
acid; then with sulphide of carbon to take up the free phosphorus which 
has not been acted on, a dark yellow powder remains behind. This 
substance is not altered when gently heated in contact with air, but if 
subjected to a stronger heat, yields phosphorus and a carbonaceous residue. 
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(ZeisG.) [It remains to be determined wLetlier this compound is free 
from hydrogen and oxygen.] 

t^tdplniT forms with acetone products similar to tliose obtained with 
phosphorus; hut acts more slowly. — Sulphide of phosphorus forms wdth 
it a peculiar acid^, and an oil which has a powerful odour but no acid 
reaction. (Zeise.) 

G. Strong Nitric acid decomposes acetone with Auolent evolution of 
heat and nitric oxide gas, and formation of mesitic aldehyde 
nitrite of pteleyl (C^LPXO"^), acetic acid, oxalic acid, and cyanuric acid. 
— Acetone heated wdth nitric acid of 1*25, gives off nitric oxide with 
violence and leaves a syrup from which oxalic acid crystallizes. (Tromms- 
dorff.) — Distilled with ^ vol. strong nitric acid, it deposits a drop of oil 
in the retort, and finally leaves therein oxalic acid and a carbonaceous 
residue; the distillate thereby obtained, if redistilled after neutralization 
with potash, leaves acetate and nitrate of potash, and yields a distillate 
of peculiar character. (Chenevix.) — Acetone placed in a test-tube above 
an equal volume of strong nitric acid, soon becomes heated to violent 
percussive ebullition, which lasts a long time, giving off nitric oxide 
having a bitter ethereal odour, and leaving a small quantity of a liquid 
which contains oxalic acid, is rendered turbid by tbe presence of drops of 
oil, and yields more oil when treated with water. This oil is yellow, 
thickish, lias a taste which is aromatically sweet at first, but afterwards 
sharp and burning, and leaves for an hour a burning sensation on the 
tongue. (Gm.) — When a mixture of 3 vol. acetone and 3 vol. nitric 
acid is twice gently heated in a retort, till it is brought into a kind of 
fermentation, but evolves no gas or nitrous fumes, and lialf the mixture 
distilled over at a gentle heat, the residue in the retort consists of a 
liquid which throws down a large quanity of cyanate of silver [probably 
cyanurate] from the nitrate; and two distillates are obtained, viz., a 
w^atery liqui<l, which likewise gives a copious precipitate with nitrate of 
silver, and a transparent colourless oily liquid, which has an aromatic 
odour, boils from 80° to 100°, forms acetic acid vben kept for some time, 
contains 66'43 p. c. carbon, 10 84 hydrogen, and 22 73 oxygen, and is, 
therefore = = Hydrure Aldehyde, This oil, when treated 

with chlorine gas, converted, with formation of hydrochloric acid, into 
another oil which contains 35*2 per cent, of carbon, 4*5 of hydrogen, and 
60*3 0 + Cl, and is therefore C^H^O,Cl=:: dt Aldehyde (Laurent, 

Ann. Chim. FJiys, 66, 318.) A mixture of 2 vol. acetone and 1 voL 
strong nitric acid gives off when heated a large quantity of nitrous fumes, 
and froths up strongly enough to break the retort if the heat be continued. 
If the liquid be heated only till it begins to froth, the frothing clicckcd 
by immersing the vessel in cold water, the liquid again heated till it cools, 
the vessel again cooled, and this timtineiit frequently repeated, the 
mixture, when subsequently treated with water, yields a pale yellow oily 
precipitate, consisting of mesitic aldehyde and nitrate of pteleyl, in which 
the mesitic aldehyde predominates in proportion to the extent to w’hich 
the decomposition has been carried. Dilute nitric acid exerts scarcely any 
action, even wTien heated, but lets the acetone pass over unaltered (Kane.) 

7. Acetone heated wuth aqueous Iodic acid forms a peculiar oil, with- 
out separation of iodine, (Millon.) 

8. Acetone mixed with Oil of Yitriol, evolves great heat and forms a 
dark brown, or if rise of temperature be prevented, a light brown liquid. 
•According to the proportions in w'hich the liquids are mixed and the rise 
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of temperature wliich takes place, tlie product may be luesitio ether 
(C®H®0=:C^“H‘®0”),mesitylene a waxy substance, mesltylo- 

sulpburic, permesitylosulphuric, or sulphurous acid. — 2 voL acetone heated 
with 1 vol. oil of vitriol, leav^e a carbonaceous residue, and yield two 
distillates smelling of sulphurous acid, the upper yellow, and the lower, 
which is the largest in quantity, white. (Chenevix.) — A mixture of ace- 
tone and oil of vitriol does not give off any other when heated; but when 
diluted with water and neutralized with baryta, it yields sulphate of 
baryta and a soluble baryta-salt, probably sulphovinate. (Liebig.) — If the 
liquids be gradually mixed in equal volumes and kept cool, a dark brown 
mixture is formed, containing inedtyleue, a waxy matter, and a small 
quantity of mesitic ether, which substances rise to the top in a tluckish 
stratum on the addition of water. When 1 pt. of acetone and 2 pts. of 
oil of vitriol are mixed rapidly and without cooling, sulphurous acid is 
evolved, and a dark brown mixture formed, containing permesitylosul- 
plmric acid, together with a small quantity of mositylosulphuric acid. 

2 vol. acetone and 1 vol. sulphuric acid produce mesitylosiiliihuric acid. 
The latter mixture evaporated at a gentle heat, yields a distillate of 
aqueous sulphurous acid, and a yellowish oil floating upon it; this oil, 
which amounts to ^ of the acetone, is a mixture of acetone, mcsitylene, 
and another oil having a higher boiling point than mesitylcne (Kane.) 
— The watery liquid which passes over together with the mixture of 
mesitylene and acetone, on distilling a mixture of 2 vol. acetone and 
1 vol. oil of vitriol, contains sulphurous acid and acetic acid, which may 
be separated by baryta; in the retort there remains a greenish waxy 
matter mixed with sulphur. (Plantamour.) 

9. Acetone mixes with glacial Phosphor ic acid, evolving heat, and 
forming a dark brown mass containing hut a small quantity of mesitylo- 
pliosphoric acid. (Kane.) 

10. Acetone absorbs a large quantity of llydrochloric acid gas, 
forming a brown liquid. (Cbenevix.) This brown, thickish, heavy, and 
very acid liquid contains a large quantity of chloride of mesityl 
(C°f-PC1=C^^H^‘^CP), which may be precipitated by water, but likewise 
contains mesitic ether and undecomposed acetone. (Kane.) The brown 
liquid distilled over carbonate of potash yields two distillates, the one 
transparent a.nd colourless, the other, which is the lighter of the two, 
having a yellowish colour. The latter has an aromatic odour, and a hot, 
oily taste; is hut slightly miscible with acetone; dissolves in 40 parts of 
water; gives no indication of hydrochloric acid with any reagent; but 
yields an abundant precipitate with nitrate of silver, \\ hen burnt on the 
top of it. (Cbenevix.) Aqueous hydrochloric acid forms with acetone a 
dark brown mixture, from which the acetone may be recovered nearly in 
its original state by distillation. (Kane.) 

11. Acetone mixed with twice its weight of PentacJiloride of 
Phosphorus is likewise converted into chloride of mesityl. (Kane.) 

12. When acetone is brought in contact with Iodine and Phosphorous 
at the same time, large quantities of hydriodic acid gas are evolved, 
iodide of mesityl (probably C®H®I) is formed, and may be distilled over; 
also iodide of pteleyl (perhaps C®H^I) which remains suspended in the 
residual liquid in the form of golden-yellow scales; and mesitylo-hypophos- 
phorous acid, which separates in silky needles as the liquid cools. (Kane.) 
In this process, a large quantity of acetone passes over, and only a small 
quantity of iodide of mesityl; the residual syrup contains no mesitylo- 
hypopliosphorous acid, hut when mixed with water, separates into two 
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layerS;, tlie upper of wliicli appears to be iodide of mesityl, wliile tlie 
lower contains pliospborous acid and hydriodic acid. A yellowish red 
deposit of pJiospliorous oxide is likewise formed (Plantamour, A7m, 
Nicmn. 31, 327.) 

13, Acetone heated with aqueous Bichromate of Potash [and sul- 
phuric acid*?], yields larsje quantities of acetic and carbonic acids, but no 
formic acid (Dumas & Stas, A^m. Gkim. Fhys. 73, 140; also Ann. Fharm. 
35, IGO) : 

CgH'>02 + 80 == CWO‘1 + 2C02 + 2110. 


Gottlieb also (Ami. Fharm. 52, 130) obtained by this means neither 
acetic acid nor propronic acid — Acetone distilled with peroxide 

of inaganese and dilute sulphuric acid passes over unchanged; but if 
strong sulphuric acid be used, the products formed arc the same as when 
no manganese is present. (Kane.) 

14. Acetone mixed with dry Bichloride of Flatinum becomes heated, 
assumes a black-brown colour, and yields hydrochloric acid, a 
volatile substance which attacks the eyes powerfully, acechloride of 
platinum, aceplatinous oxide, and crude platinum-resin. (Zeiso.) If 
pulverized bichloride of platinum bo mixed with a small quantity of 
acetone into a paste, which has a black-brown colour, the mixture when 
kept in a bottle fur a day, gives off hydrochloric acid and a substance 
which attacks the eyes, and becomes gritty in consequence of the forma- 
tion of crystallized acechloride of platinum [amounting to 20 per cent, of 
the bichloride of platinum used]. — A solution of 1 pt. bichloride of 
platinum in 10 pts. acetone, which is red-brown at first, soon assumes a 
black-brown colour, so dark as to render it opaque; yields by distilla- 
tion acetone and a large quantity of hydrochloric acid (a peculiar odour 
being also emitted), and leaves a syrup. In treating this syrup with 
water, the gx’eater part remains undissolved in the form of a black-brown 
tarry matter, which is crude ^datlnum-resin ; the watery filtrate begins, 
after ten minutes, to deposit acechloride of platinum as a yellow crystal- 
line powder, which after some days, amounts to 5 per cent of the 
bichloride of platinum used. When the dark brown liquid poured off 
from this deposit is distilled to one- half, it yields, with much frothing, 
but without evolution of gas, a liquid containing hydrochloric acid, 
acetone, and a peculiar substance; while the liquid which remains in the 
retort becomes decolorized, and deposits a very large quantity of a black 
powder, consisting of aceplatinous oxide, ultimately mixc<l with a little 
metallic platinum. If, on the contrary, the dark-brown liquid decanted 
from the acechloride of platinum be left to eva[)orate at ordinary tem- 
peratures over oil of vitriol and hydrate of potash, there remains a syrup 
rich in hydrochloric acid, and resolved by water into crude platinum 
resill and a brown liquid, which, on standing, deposits acechloride of 
platinum (Zeiso; see these products among the Adde^ida to Aceioiie^ p. 31.) 

^ 15. A solution of Ammonia in acetone, exposed to spontaneous 
evaporation, leaves a colourless, syrupy residue which does not crystallizo 
by exposure to great cold. It is soluble in water, alcohol, and etlier; 
does not turn brown when boiled with potash, and reduces silver-salts 
like aldehyde -ammonia. This compound, when kept, gradually under- 
goes spontaneous decomposition, and is converted into an organic base, to 
which Stadeler gives the name of Aceionine. This base is more rapidly 
formed when acetone saturated with ammonia is heated to 100° in a 
sealed tube. The composition of acetonino agrees with the formula 
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so tliat it boars to acetone tbe same relation that amarine 
bears to oil of bitter almonds. (Stadeler, Chem. Gaz. 1853, 341.) — Pure 
acetonine is a colomdess alkaline liquid, baring a peculiar, some- 
what urinous odour, and a burning taste. It dissolves in ether, and 
alcohol, and also in water; potash added to tbe aqueous solution separates 
the acetonine in oily drops. Aqueous acetonine acquires a milky 
turbidity throughout when gently heated, like aqueous coniine, — Its 
platinum-compound, PtCP crystallizes in orange-yellow, 

shining, four-sided prisms, with oblique terminal faces. It is in- 
soluble in ether, but soluble in water and in alcohol containing a small 
quantity of hydrochloric acid. (Stadeler .) — Binoxalate of Acetonine, 
4HO, crystallizes from its boiling saturated alcoholic 
solution in delicate white prisms, which dissolve readily in water but not 
in ether. Gives off 1 At. water at 100°, and is decomposed at a some- 
what higher temperature. (Stadeler.) *11 

16. The chief products formed by the simultaneous action of 
Ammonia and Sulphur on acetone, are Thakcetone, Akcethiiio, Thery- 
thrine, IMelathine, a brown resin, and Elathine. (Zeise.) 

a. When acetone is saturated, with dry aminoniacal gas, then with 
sulphur, then again with aminoniacal gas, and then again with sulphur — 
whereby it becomes heated and assumes, first a green, then a brownish 
yellow, and then a brown colour — there is ultimately obtained a rod- 
brown, viscid, strongly alkaline mass, having a very offensive odour, like 
that of sulphuretted hydrogen. This mass, wdiich dissolves completely 
in alcohol or acetone, is resolved, when treated with ether, into an 
insoluble brown resin, and a brown solution from which water throws 
down Tlailccetone, 

h. When the red -brown, transparent mass is gradually heated in a 
distillatory apparatus from 50'^ to 95°, and carefully excluded from 
moisture, ammonia and hydrosulphate of ammonia are first given off, and 
immediately afterwards a light yellow liquid passes over, containing 
ammonia, hydrosulphate of ammonia, water, a small quantity of acetone, 
and a small quantity of a dissolved oil. 

c. Between 95'" and 120°, two distillates are obtained, the lower 
watery and yellow, the upper oily and brown. 

d. Between 120^^ and 200^, a viscid oil is obtained (consisting chiefly 
of Elathine), and a crystalline sublimate composed of liydrosulphate of 
ammonia, Akccthine, and other products. 

e. If the distillation be interrupted at 200°, and the brown-black 
residue, which up to that temperature is in a state of tranquil fusion, be 
treated wdth ether, (which chiefly cxtincts A hcethi/^e and a brown resinous 
body), ami afterwards exhausted with alcohol, a residue is left, consisting 
of Melathine; the alcoholic extract contains Thevyilivlne, which is preci- 
pitated in the form of a brown-red powder by water. The ethereal 
extract exposed to a gradually increasing heat, yields, first, pure ether, 
then ether containing oil, then a brown oil mixed with water, and from 
170^ to 200°, a crystalline sublimate consisting chiefly ol Alccetliine, 

/. If the distillation of the ethereal extract (e) be stopped at 200°, the 
residue in the retort again treated with ether, and afterwards with 
alcohol, ethereal and alcoholic extracts are obtained resembling the 
former, that is to say, tbe second ethereal extract again yields Aiccethine 
by distillation; and if tbe alternation be repeated eight times successively, 
the result is still tbe same. 

y. If, on tbe other hand, the distillation of (d) be further continued 
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from 200° to 275°, tlie brown-black residue frotlis up strongly; yields a 
few volatile products; and then solidifies to a greyish black, spongy, 
brittle, coaky mass, three-fourths of which consists of Melathine (which 
remains behind after the mass has been exhausted with alcohol), 
acetone, sulphide of carbon, and ethcr. 

Tliahcetone. — Obtaine(l as in {a) in the form of a yellow precipitate, 
or better in the following manner : The red-brown, viscid mass a is 
neutralized with oxalic acid dissolved in ether; the liquid filtered from 
oxalate of ammonia, therythric matter, and resinous matter; the filtrate 
mixed with water; the excess of oxalic acid precipitated by means of 
gypsum; the filtrate evaporated; the residue exhausted with alcohol; and 
the solution filtered from sulphate of ammonia, and left to evaporate over 
oil of vitriol. The thakcetone then remams in the form of a brownish 
yellow, amorphous, neutral varnish. When subjected to dry distillation, 
it froths up strongly, yieltls hydrosulphate of ammonia and a dark brown 
oil smelling like oil of hartshorn, and leaves a large quantity of charcoal 
rich in nitrogen and sulphur. Heated with potash, it gives off* a large 
quantity of ammonia. It dissolves abundantly in water forming a 
strongly coloured solution, readily also in alcohol, sparingly in ether. 
The concentrated aqueous solution forms with nitrate of silver, a 
yellowish white precipitate which turns brown when heated, but docs 
not precipitate neiitr d or basic acetate of lead. 

Ahcetkine. — The sublimate obtained as in (e) and (/) is dissolved in 
the smallest possible quantity of hot alcohol ; the solution left to evaporate 
to a certain extent in the air; and the resulting crystals pressed between 
paper, and purified by recrystallization. — Lemon-yellow, transparent, 
highly lustrous, inodorous rhombohedrons. They melt at about 150° to a 
clear, sulphur-yellow liquid, which becomes red-hrown and viscid at a 
stronger heat, but solidifies in a yellow radiating mass on cooling. At a 
still higher temperature, the akcethine is converted into a yellowish 
vapour, and sublimes without decomposition in the form of a yellowish 
crystalline body; if the neck of the retort be allowed to get too hot, a 
small quantity of hydrosulphate of ammonia is evolved with deposition of 
charcoal. When heated in the air, it fuses to a black-brown mass, with- 
out previously taking fire. It is decomposed by hot nitric acid with 
separation of sulphuious flocks, and yields sulphuric acid wdien boiled. 
With concentrated potash at a boiling heat, it yields ammonia It 
dissolves sparingly in water, and in cold dilute liydrochloric, sulphuric, or 
nitric acid; more readily in ether; still more in alcohol and acetone. 
The yellow, slightly alkaline solutions may be boiled without decompo- 
sition; they do not precipitate the salts of iron or lead, but yield with 
nitrate of silver, (after a time only, if it be dilute,) a copious, bulky, 
light yellow precipitate, which collects in five minutes into a snow-white 
powder. 

Therytlirine, — The brown-red powder precipitated by water from the 
alcoholic extract, as mentioned in (e), fuses like resin somewhat above 
100°; gives off hydrosulphate of ammonia and a brown offensive-smelling 
oil at a stronger beat; and leaves a lustrous, very combustible charcoal. 
It is nearly insoluble in water, but dissolves abundantly, without decom- 
position and with a deep brown-red colour, in oil of vitriol, also in strong 
potash-solution. It dissolves abundantly, with brown-rod colour, in 
sulpliide of carbon, alcohol, and acetone, sparingly in ether. The 
alcoholic solution, when evaporated, leaves the therythrine in the form of 
a dark-red, brittle, amorphous resin; it does not precipitate acetate of 
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lead, but forms a dark-red precipitate with nitrate of silver. — Wben 
the thick, red-brown mass produced in the preparation of thakcetone, is 
treated with oxalic acid dissolved in ether, there remains a mass from 
which alcohol extracts a substance resembling therythrine, which may be 
precipitated therefrom by water. 

Melathine. — Obtained in the process described in [g). Black. When 
subjected to dry distillation, it yields, without fusion, a gas rich in sul- 
phuretted hydrogen, together with a trace ot oil, and leaves a difficultly 
combustible charcoal. When ignited with hydrate of potash, it gives off 
a large quantity of ammonia, leaving a residue rich in sulphide of pota.s- 
sium; this compound is also formed, hut in small quantity, when mela- 
thine is boiled with strong potash. Melathine heated with nitric acid, 
forms a brown solution, from which water throws down a large quantity 
of brownish flocks, while the liquid remains brown. With oil of vitriol 
also it forms a brown solution, fiom which water throws down brown 
flocks. It is quite insoluble in hydrochloric and in water, and dissolves 
but sparingly in sul})hide of carbon, alcohol, ether, and acetone. 

Brown reshioits body. — Produced in large quantity simultaneously 
with the preceding products. May be obtained in the preparation of 
thakcetone by means of oxalic acid dissolved in ether (p. 12). When the 
dark brown ethereal liquid formed in this process is filtered and mixed 
with a sufficient quantity of water, it deposits a pitchy substance, which 
must be redissolved in ether, rcprecipitaied by water, and dissolved iu 
alcohol; the alcoholic solution, after being filtered from a black substance, 
is then evaporated in vacuo over oil of vitriol, the residue dissolved in 
ether, and the solution again evaporated in vacuo. By this repeated 
evaporation, a volatile oil mixed with the resin is ultimately driven off; 
evaporation at a higher temperature might produce decomposition. — 
Another method of obtaining tlie resinous body is to exhaust with ether 
the residue which remains after distilling the thick red-brown mass {e) at 
200^; precipitate the filtrate with water, which leaves akcethine in solu- 
tion; dissolve the precipitate iu ether; and evaporate the solution, first 
at a gentle heat, then in vacuo over oil of vitriol. The resinous body 
obtained by either of these processes is amorphous, decomposihle by 
heat, insoluble in water, but soluble in ether, alcohol, and acetone. 

Elathine. — Occurs principally in the oil which passes over (as in cZ), 
in the distillation of the thickred-brown mass between 120'^ and 180k Tbe 
oil is dissolved in ether; tbe filtrate mixed with alcohol; and water added, 
whereby an aqueous mixture is produced, chiefly containing akcethine, 
and an oily, alkaline liquid, which must bo noutralizod with an etliereal 
solution of oxalic acid. The liquid is then filtered; tbe filtrate shaken up 
with water as long as the water acquires a yellow colour; then dried by 
agitation with chloride of calcium; and finally distilled with a fresh 
receiver. Ether passes over ‘first, then, between 140° and 150^, the 
elathine, and finally a brown turbid oil. — Elathine is a brownish-yellow 
oil, lighter than water, and having a peculiar and very offensive odour; 
suffers partial decomposition when distilled; takes fire with difficulty, 
and burns with a very smoky flame, producing sulphurous acid. When 
set aside with strong potash-solution and agitated, it produces a tolerably 
large quantity of sulphide of potassium. Its solution in alcoholic pot- 
ash, which is clear at first, gradually deposits a white powder. It is 
insoluble in water. 

An indigo-hlue^ indifferent body containing sulphiLT, may likewise be 
obtained from the thickish; red-brown mass. (Zeise.) 
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11.17. Action of Ammonia and Bisulphide of Carhon on Acetone . — 
Wlien pure acetone is mixed with an equal volume of sulphide of carhon 
and about twice its volume of ammonia, laminated crystals, resembling 
ice, are formed after a few days in the lower stratum of liquid; but those 
disappear after a while, and are succcedo<l by larger crystals of a yellow 
colour. These yellow crystals arc insoluble in water, sparingly soluble 
in ether, and dissolve wdtli decomposition in warm alcohol and boiling 
hydrochloric acid. After drying in vacuo, they exhibit a composition 
corresponding to the formula and may bo regarded as a com- 

pound of SulpJwcarhamate of jSulpIdde of Acetonyl loitk ^^u^yhocija^iide of 
Acetonyly 2C'TF.S,C-H^NS^-{-2(C'''H^',CyS“). A cold alcoholic solution of 
this compound mixed with a similar solution of bichloride of plati- 
num, forms a brownish yellow, non-crystalline precipitate composed of 
C3op[26jyT3S9j3Pt.S^; and with a cold alcoholic solution of corrosive sublimate a 
white precipitate containing C^®H-®N^S'^,27HgS, 1 8HgGl. (Hlasiwotz, J. pr. 
Ghem. 51, 355; Ann. Niarm. 76, 2.94 ; Jahresher. 1 850, 39 1 ). The compound 
boiled with caustic potash, gives off ammonia and forms oxide 
of mesityl (p. 24). When heated to its melting point, it yields a lower 
stratum of acetone and bisulphide of carbon, and an upper stratum, 
containing a large quantity of sulphide of ammonia; a small quatitity 
of sublimate consisting of white needles is formed at the same time. 
The compound boiled with alcohol gives off ammonia and carbonic acid, 
and forms sulphide of ammonium, together with a small quantity of a 
crystalline compound, which when dried in vacuo, has the composition 
amd is regarded by Hlasiwetz as a compound of Acetonylamide 
Viith Sulphocyanide of Acf]5o9iy^=2(C®H®,NH“) + 3(C®H^',CyS“). — Hydro- 
mlphate of ;ShiZp/iacei(>?2?/^=3C®H®S,HS-l-8HO is obtained in the form of 
a colourless oil, by the dry distillation of a mixture of mesitylosulphate 
of lime and monosulphide of potassium. 

According to Stadeler (Ghem. Ga%. 1853, 341), the yellow crystalline 
body formed by the action of ammonia and sulphide of carbon upon ace- 
tone, has not the composition assigned to it by Hlasiwetz, but is the 
Hydros'iilphate of Carbothiacetonme, a base composed of which 

agrees pretty well with the analysis given by Hlasiwetz. The platinum- 
compound of this base is and the mercurial precipitate 

obtained by Hlasiwetz is nothing but HgCl,2HgS, having a small 
quantity of hydrochlorate of carbothiacetonine adhering to it. 

18. Thiacetonine ; probably This base, wdiich appears to 

be identical with Zeise’s akcethine, (p. 12), is formed by the simulta- 
neous action of ammonia and sulphuretted hydrogen upon acetone; appa- 
rently also by boiling an alcoholic solution of hydrosulphate of carbo- 
thiacetonine : 

C20jqi8N2S4^2HS + 4HO = 4 - NIP'J + 200= + 2HS? 

crystallizes in strongly lustrous, yellowish rhombohedrons; has an 
alkaline reaction; and dissolves readily in dilute acids, ether, alcohol, 
and acetone, but is rather difficult of solution in water. (Stlidelor.). IF 

19. Pulverized Hydrate of Potash mixed with anhydrous acetone 
become strongly heated; colours it light yellow; and swells up within it to 
a dark brown mass, which, on addition of water, is resolved into an oily 
mixture of xylite-oil and xylite-resin, and an aqueous solution, contain- 
ing wood-spirit and acetate of potash, together with undecomposed 
acetone. If 2 parts of hydrate of potash be gradually added to 1 pt. of 
acetone cooled from without, and the mass, after standing for 8 days, he' 
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mixed witli water, a brown oil rises to tbe surface, — a. The oil when 
distilled with water, fresh portions of which are added as long as any 
oil passes over with it, is resolved into Xi/lite-oil, which passes over, and 
Xylite-resin which remains behind. — The Xylite-oil is purified by agita- 
tion with chloride of calcium and distillation, during which process it 
boils pretty regularly at 200°. It contains 81*32 per cent. C, 10*19 H, 
and 8*47 Oi it is thoreforo and perfectly agrees, both in com- 

position and in odour, taste, boiling point, and in its solubility in ether 
and alcohol, with the xylite-oil obtained from lignone. — Xylile-resin 
purified by solution in alcohol and evaporation of the filtrate, is red- 
brown and brittle; becomes tough between 16^ and 20°; is insoluble 
in caustic potash; and contains 79*48 p.c. C, 9*65 H, and 10*87 0, 
agreeing therefore with the xylite-resin obtained from lignone. — h. The 
aqueous, yellow, alkaline liquid is decolorized by neutralization with sul- 
phuric acid, a trace of resin being separated at the same time; and 
yields by distillation, first, acetone and wood-spirit, (which may be 
separated from the acetone by distilling the mixture of the two from 
chloride of calcium, the wood-spirit being thereby retained), then at a 
higher temperature, a large quantity of acetic acid, and leaves a residue 
quite free from organic matter. (Ldwig & Weidmaun.) The equations 
which these chemists gwe for the formation of the above compounds me improbable. 
Hydrate of potash moistened with acetone and exposed to the air, absorbs 
oxygen, and forms a small quantity of acetate of potasli, chiefly, how- 
ever, if not exclusively, when the acetone contains empyreumatic oil. 
(Liebig.) 

20. Acetone passed in the state of vapour over heated hydrate of pot- 
ash, is resolved into marsh-gas and carbonate of potash, partly also, 
probably when the heat is not very great, into acetate and foruiiate 
of potash : 

+ 2(HO,KO) = -h 2(K0,C02); 

and 

C«H«02 -I- 4HO -f- KO = OJePKO^ + C^HKO^ + 6H. 

Vapour of acetone passed through a glass or iron U-tiibe, in which 
hydrate of potash is heated to fusion, yields marsh-gas mixed with a small 
quantity of carbonic acid (Persoz, Eev. scientif. 1, 51.) — Similarly, 
acetone- vapour passed over a heated mixture of lime and hydrate of pot- 
ash — which first becomes yellow, ilicn again white, and takes up carbonic 
acid — yields marsh-gas mixed with only 2 or 3 per cent, of hydrogen. 
(Dumas & Stas, Ann. Ghim. Ehys. 73, 149.) — When acetone vapour is 
passed over a hot mixture of lime and hydrate of potash, a large 
quantity of acetate and formiate of potash is produced. (Gottlieb, A7in. 
Fliarni. 5%, 130.) 

21. Potassium a^id Sodium in contact with acetone, become in- 
tensely heated, and yield products similar to those which are formed by 
hydrate of potash. — Potassium in contact with acetone gives off great 
heat, and forms a thickish, yellowish brown liquid, containing acetate of 
potash, on the top of which floats a green oil, smelling like oil of pepper- 
mint. (Matteucci.) — This oil is tbe solution of a viscid resinous matter 
in acetone. (Dumas, Xnn. Chwi. Phys. 49, 208.) — Sodium forms with 
acetone a thick yellow-brown mass, the action being attended with 
frothing and rise of temperature. (Gm.) — When potassium acts in con- 
siderable quantity, it causes evolution of gas, and a rise of temperature 
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sufficient to set tlie liquid on fire, whereupon charcoal is separated. If 
the potasbium be added gradually to the acetone, each piece being intro- 
duced as the former disappears, and the liquid cooled from without, the 
decomposition takes place quietly, with gentle ebullition, but without 
eyolution of any permanent gas. A brownish, strongly alkaline powder 
is deposited at first, but subsequently dissolves. The ultimate product 
dissolves in water, with separation of an oil. This oil is a mixture of 
xylite-oil (80 81 p. c. C, 10-32 H, and 8 87 0), and xylite-resin (con- 
taining 7975 p. c. C, 9-14 H, and 12-11 0). — The red, aqueous, alka- 
line solution, saturated with sulphuric acid, deposits a few resinous 
flocks, and yields by distillation, first, acetone, and perhaps also wood- 
spirit, and then a small quantity of acetic acid. (Lowig and Weidmann; 
comp, also Lowig, Fogg. 42, 410.) 

^ 22. Quick lime acts on acetone in the same manner as hydrate of 
potash, converting it into xylite -oil; 

2C6HfiO- - 3HO = 

When acetone is mixed with finely pounded lime, no action takes place 
at first; but in the course of a few weeks, the acetone disappears, forming 
with the lime a solid mass, which yields but little acetone when distilled 
in the water-hath. On the addition of water, the lime slakes, after 
which a small quantity of acetone may be distilled ofi:‘; and if the heat 
be continued, the water which passes over is accompanied by a slightly 
yellow oil, which begins to boil a little above 100’', but distils over for 
the most part between 200° and 220k The residual mass of lime treated 
with hydrochloric acid, yields a small quantity of coloured resin. 
(Volckel, Aoin. Fharm. 82, 63.) IT. 

Comhmations. — Acetone mixes in all proportions with Waier. (Che- 
nevix, G-m., Liebig.) 

At ordinary temperatures, it dissolves a small quantity of Phosphorus 
and a still smaller quantity of Sulphur. (Clienevix.) 

It slowly dissolves hydrate of potash, forming a deep yellow solution 
(Chen e VAX'! [decomposition takes place at the same timej ; it is not 
miscible with strong potash-ley. (Liebig.) 

Most salts which are soluble in alcidiol, are insoluble in’’acetone; such, 
for example, is the case with Chloride of Ccdcium. (Liebig.) — But 
chloride of calcium mixed with acetone swells up and forms a white 
mass. (Gm.) — When an aqueous solution of chloride of calcium is 
shaken up with acetone and then left at rest, two layers of liquid are 
formed, the upper of which is acetone, the lower, aqueous chloride of 
calcium containing acetone; but a portion of the acetone separates from 
the lower stratum, and rises to the top wdienever it is heated. (Liebig <& 
Ann. Fharm. 19, 287.) — The solution of chloride of calcium 
in alcohol or wood-spirit is capable of taking up a large quantity of 
acetone. (Reicbenbaclii) When 1 vol. acetone is added to 3 voL of a 
saturated solution of chloride of calcium, the acetone is dissolved, but 
chloride of calcium is at the same time precipitated; on adding more 
acetone to this mixture, all the chloride of calcium separates out; if 
instead of the acetone, a few drops of water be added, the acetone rises 
to the surface and forms a separate stratum above the aqueous and alco- 
holic solution of the chloride of calcium. (Liebig, Ann. Fharm. 10, 320.) 
— ^ According to Hlasiwetz PAro’m. 76, 294) acetone forms a 
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definite compound with chloride of calcium and water. A mixture of 
pulverized chloride of calcium and rectified acetone assumes a pasty 
consistence at first; then becomes hot; and forms a dry inass; which at 
100° gives off mere traces of a liquid having an ethereal odour; if more 
water be added; pure acetone distils over from 80^ to 83°. % 

Acetone mixes uniformly with aqueous Tercliloride of Goldj but on 
adding to the solution a further quantity of dry tercliloride of gold, 
acetone having a yellow colour and containing tercliloride of gold rises 
to the surface of the watery liquid, (Derosiie.) 

Acetone mixes with Ether and Alcohol^ and with many compound 
Ethers, in all proportions. 

It mixes with Volatile oils, and dissolves many Camphors, Fats, and 
Eesins. 


Addenda to Acetone. 

Decomposition-products of Acetone, which do not at present admit of exact 
systematic classification, 

Mesitylene or Mesitylol. 

Kane. Eogg. 44; 474; also J. pr Ohem, 15; 131. 

Hofmann. Chem, Soc. Qu J. 2, 104; Aoin. Fharm, 71; 121; abstr. 

Eharm, Centr, 1849, 233; 1850; 65; Compt. rend, 28, ISO; Instit, 

1849, 25; JV. J, Fharm, 16, 310; J (thresher, 1849, 445. 

When 2 vol. acetone are distilled at a gentle heat with 1 vol. oil of 
vitriol; the liquid froths slightly, aqueous sulphurous acid distils over, 
and with it a yellowish oil which floats on the top and amounts to about 
i of the acetone. This product is washed with water, distilled in the 
water-hath till the admixed acetone is volatilized, and then at a stronger 
heat to obtain the mesitylene, which must be collected in a separate 
receiver; the distillation must not, however, be carried on to dryness, 
otherwise the distillate will be contaminated with an oil of higher boiling 
point. The mesitylene thus obtained is purified by leaving it for 24 
hours in contact with chloride of calcium, then decanting and distilling 
again. (Kane.) 

Transparent; colourless, very light oil, having a slightly alliaceous 
odour, and boiling at about 135*5°. (Kane.) According to Hofmann, 
however, mesitylene purified as completely as possible by repeated recti- 
fication, boils between 15.5° and 160°; — according to Cahours, between 162° 
and 164°. Vapour- density = 2*914. (Cahours, A7in, Ghim, Fhys, 70, 
101; vid. infra.) 

Kane. Vol. Density. 

12 C 72 .... 90 .... 89-61 C-vapour 12 .... 4-9920 

8H 8 .... 10 .... 10-34 H-gas 8 .... 0-5544 

80 .... 100 .... 99*95 Mesitylene-vapour .... 2 .... 5-5464 

1 .... 2-7732 

Kane assumes the formula C®H*, regarding the compound as the 

VOL. IX. C 
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nucleus wliicli with forms acetone, just as ethylene, C^H^, with 

forms alcohol. Cahours, in accordance with liis determination of 
the vapour- density, prefers the formula but tlie boiling point 135° 

determined by Kane, is too high even for this. (Schroder, 67, 49.) 

According to Gerhardt's calculation (VII, 57), this boiling point corre- 
sponds exactly with the formula Perhaps Kane’s mesitylene 

was contaminated with a small quantity of the less volatile oil which he 
mentions as passing over towards the end of the distillation; and there- 
fore exhibited too high a boiling point. — IF. The boiling point found by 
Hofniaim is however higher still, viz*, between 155° and 160°; moreovei*, 
the action of nitric acid on mesitylene, which gives rise to the three 
compounds, and (pp. 20, 22) clearly shows 

that the formula is the correct one. 

But according to the vapour-density above given (2*914) as deter- 
mined by Cahours, the formula would represent the vapour as 

trisatomic instead of diatomic, which is contrary to the usual character 
of organic compounds. Hofmann therefore suggested {Gkem, Soc, Qu. Jl 
2, 112) that the vapour- density might be subject to variations similar to 
those observed in sulphur, and in certain of the volatile fatty acids. 
(VII, 54.) — The difficulty has, however, been completely removed by 
a subsequent determination of the vapour- density made by Cahours 
{Ghem. 8oc Qic. J. 3, 17), from which it appears that the vapour is 
really diatomic. The specimen of mesitylene used in this last-mentioned 
determination was purified by several rectifications and final distillation 
from anhydrous phosphoric acid; it boiled between 162° and 164° and 
exhibited exactly the theoretical composition of mesitylene. The vapour- 
density was found in one experiment, to be 4*o45; in another, 4*282. 
The composition of mesitylene is therefore as follows: 





Vol. 

Density. 

18 C . ... 

. 108 . 

... 90 

C- vapour 18 .. 

7*4880 

12 H . 

. 12 

. 10 

H-gas 12 

... 0*8316 

... 

. 120 . 

. . 100 

Yapour of 2 .. 

1 . 

... 8*3196 
... 4*1598 f 


Mesitylene burns with a bright but very smoky flame. It absorbs 
chlorine gas in large quantity and with great evolution of heat, after- 
wardvS gives off hydrochloric acid, and solidifies to an acicular mass of 
chloride of pteleyl, C®H®Cl [or terchloromesitylene, C^®H®CP]. — Boiling 
nitric acid converts it into mesitic aldehyde. (Kane.) — A mixture of 
equal parts of fuming nitric and fuming sulphuric acid converts it imme- 
diately, and without rise of temperature, into the crystalline compound 
CHPNO*. (Cahours, Qompt. rend, 24, 555.) ' [This compound differs 
from Kane’s nitrite of pteleyl, which has the same composition, but is 
liquid; Cahours’s compound should, perhaps, be regarded as C^Hi®X^, or 
— Mesitylene is likewise decomposed by oil of vitriol, but not 
by aqueous alkalis. (Kane.) 

Mesitylene dissolves Iodine, forming a deep brown liquid, which is 
not altered by exposure to sunshine. (Kane.) — Bromine converts it into 
a white crystalline compound. (Hofmann.) 
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Iodide of Pteleyl (or Teriodomesitylene). 

Kane, ^ogg, 44, 487; also J, gr, Ohem. 15, 146. 

Kane gave the name of Pteleyl (from TTreXha, the elm) to the radical C®H^, 
because he formerly supposed it to exist in ulmic acid. 

When acetone is distilled with iodine and phosphorus, the residual 
liquid contains shining, golden-yellow scales of iodide of pteleyl; these, 
after a sufEcient addition of water, may be thrown upon a filter, and 
then washed and dried, whereupon they lose their lustre, and form a 
golden-yellow powder. This substance, when heated nearly to redness, 
rises in vapour, and condenses in the form of a gold-coloured sublimate. 
But when its vapour is passed through a red-hot tube, iodine is set free 
and charcoal deposited. It is insoluble in water, but dissolves in ether, 
and separates from the solution in shining spangles. Its formula is 
probably C^H'I (Kane), [or C^WP]. 


H Terbromomesitylene. C^^H^Br®. 

Hofmann. Chem. Soc. Qit. *7. 2, 108. 

When bromine is added drop by drop to mesitylene, waiting each 
time till the heat evolved has subsided, and taking care to keep the 
mesitylene in excess, a white crystalline compound is formed, which may 
be freed from hydrobromic acid by washing with water, in which it is 
perfectly insoluble. Two or three crystallizations from boiling alcohol 
render it absolutely pure. — White needles, which volatilize without 
decomposition, and are not changed by boiling with potash or ammonia, 
(Hofmann ) 

Hofmann, . 

18 C 108 .... 30*25 30*70 

9 H 9 .... 2*52 2*79 

3 Br 240 . . 67*23 66*G8 


357 .. . 100*00 100*17 

A compound of similar composition and properties was previously obtained by 
Cahours, who assigned to it the formula C^-H^Br-. ^ 


Chloride of Pteleyl. C'H’Cl, (or Terchloromesitylene. C«H»CP). 

Kane. Poyy. 44, 486; also /.jpr. Chem. 15, 145. 

Chlorine gas is passed through mesitylene till the liquid solidifies in 
an acicular mass, which is then dissolved in hot ether and crystallized 
by cooling, the undecomposed mesitylene remaining in the mother-liquid. 
The product is purified by recrystallization, and the crystals dried between 
paper, but not in contact with the air. 

c 2 
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White, sliiainsf, four-sided prisms, resembling sulphate of quinine, 
volatilizing only at a strong heat, but without decomposition. They may 
also be sublimed without alteration in dry ammoniacal gas, and are not 
decomposed by alcoholic potash, (Kane.) 


6 C 

36*0 . 

... 48-39 .... 

Kane. 
.... 49-91 

3 H 

3*0 . 

... 4*03 .... 

.... 4-17 

Cl 

35-4 . 

... 47*58 


C»I-PC1 

74*4 . 

... 100*00 



^ Nitromesitylene. 0^= 

Cahours. Gompt, rend, 80, 319; Ghem, Soc. Qii, J, 3, 185. 

Formed by treating mesitylene with fuming nitric acid, not in excess, 
and carefully cooling the mixture during the action. 


18 C 


... 108 

........ 

65-45 

11 H 


... 11 


6*67 

N 


... 14 


8*48 

4 0 



... 32 


19*40 





... 365 


100*00 


This compound, when treated with an alcoholic solution of potash, 
becomes heated and evolves two products* on distillation. One of these 
is a liquid, which is produced in very small quantity only, and exhibits 
the properties of an alkaloid; the other, which is solid, dissolves very 
readily in alcohol, and separates from it by spontaneous evaporation in 
tabular crystals of great beauty; it is isomeric with nitromesitylene. 


IT Binitromesitylene. 

Hofmann. Ghem. Soc. Qu, J. 2, 110. 

Obtained by boiling mesitylene with moderately strong nitric acid. 
After a few distillations, the whole of the mesitylene is converted into a 
crystalline compound, which may be purified by washing with water and 
recrystallization from alcohol. With dilute nitric acid, a less definite result is 
obtained, the mesitylene being converted, after repeated distillation, into a yellow oil, 
which shows a tendency to crystallize, but appears to be a mixture. 

This compound crystallizes in fine needles, often several inches long, 
and in appearance resembling those of ternitromesitylene (vid. inf^. 
Volatilizes without decomposition. Dissolves with great facility in 
alcohbl. (Hofmann.) 

Hofmann. 


18 C 

108 . 

... 51*42 .... 

.... 51*07 

10 H 

10 . 

... 4-76 .... 

.... 4-98 

2 N 

28 . 

... 13*35 


8 0 

64 . 

... 30*47 




210 

... 100*00 
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IF Nitromesidine. 

Maule. Ohem, Soc. Qu, tTI 2, 116; Ann. Fharm. 71, 137; abstr. Fliarm. 

Cenir. 1850, 69; Jaliresber. 1849, 402. 

Obtained bj tbe action of sulpbnretted hydrogen on binitromesitylene: 

C18H10N2OS +• fiHS = C^siiio(NO^)(NH2) + 4HO + 6S. 

When an alcoholic solution of binitromesitylene is submitted to the 
action of sulphuretted hydrogen, the liquid assumes a dark colour and 
deposits gradually a large quantity of sulphur, the odour of the sulphu- 
retted hydrogen being at the same time destroyed. This treatment is 
continued for several days, till the sulphuretted hydrogen is no longer 
decomposed. On the addition of hydrochloric acid, sulphur is again 
precipitated; and on separating this by filtration, a clear liquid is obtained 
which when mixed with potash or ammonia, yields a copious precipitate 
of impure nitromesidine. By repeatedly dissolving this impure product 
in hydrochloric acid and roprocipitating by an alkali, small quantities of 
still adhering sulphur are separated, and the substance gradually assumes 
a bright yellow colour. One or two crystallizations from alcohol now 
suffice to render it absolutely pure. 

Properties. Long needle-shaped crystals of a golden yellow colour. 
Melts below 100°, and solidifies on cooling in a mass of radiated needles. 
Volatilizes without decomposition at 100°, giving off a vapour which 
burns with a bluish flame. Dissolves very readily in alcohol and ether, 
and sparingly in water^ to which it imparts a faint yellow colour. The 
solutions have an unpleasant bitter taste, and are neutral to test paper. 



Lried at 100°. 


Maule. 

18 C 

108 .. 

60-00 ... 

60*01 

12 H 

12 

... 6-67 ... 

6-74 

2 N 

28 .. 

. 15-55 ... 

16-31 

4 0 

32 .. 

.. 17*78 ... 

16-94 

C18H12N204 

180 .. 

... 100*00 ... 

100-00 


Decompositions. Bromine acts violently on nitromesidine, forming a 
dark oily liquid. — An alcoholic solution of nitromesidine yields with 
chlorine a pinkish solid substance soluble in boiling ether. 

Combinations. Nitromesidine dissolves readily in acids, forming 
crystalline salts, which however are very unstable; all those yet obtained, 
excepting the phosphate and the platinum-salt, being decomposed by 
mere contact with water. They are soluble in alcohol, and their solutions 
have an acid reaction. 

Fhospjiate. — a. Terbasic. — A solution of nitromesidine in aqueous 
phosphoric acid yields this salt in leafy crystals of a beautiful lemon- 
yellow colour, which may be washed with water without decomposi- 
tion. 
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DrieJ at 100°. 


Maule. 

54 C 

324-0 . 

.. 50-75 .... 

.... 50*54 

39 H 

39 0 . 

.. 6*10 ... 

.... 6*35 

6N 

84*0 . 

.. 13*16 


P 

31*4 . 

.. 4*92 .... 

.... 4*86 

20 0 

160-0 . 

.. 25*07 



SCWN'-O^PQS + SAq 638*4 .... 100*00 


h. Monobasic ? If a large excess of phosphoric acid be used, an acid 
salt is obtained, which appears to contain only 1 At. of nitromesidine. 

Sulphate. White silky crystals decomposed by water. 

Hydrochlorate. A solution of nitromesidine in dilate hydrochloric 
acid, evaporated and left to cool, deposits this salt in colourless needles 
which are decomposed by water. 



Dried at 100°. 


Maule. 

18 C 

108*0 

.. 49*90 ... 

.... 49*52 

13 H 

13*0 

.. 6*00 .... 

.... 6*01 

2 N 

28*0 

.. 12*93 


Cl 


.. 14*78 


4 0 

32*0 

.. 16*39 .... 

.... 16*32 

CiSHi-’NSO-i.HCl 

216*4 . 

... 100*00 



Nitrate. Formed by dissolving nitromesidine in dilute nitric acid. 
The solution evaporated with an excess of free nitric acid, is decom- 
posed when the evaporation reaches a certain point, red nitrous fumes 
being disengaged and a red oily product remaining. 

Flatinwn-salt. When an excess of bichloride of platinum is added 
to a hot saturated solution of hydrochlorate of nitromesidine, the liquid 
on cooling deposits the double salt in groups of yellow crystals, which 
may be purified by washing with water and ci'ystallization from alcohol. 
(Maule.) 

Maule, 


18 C 

. 108*0 . 

.. 27*96 .... 

.... 28*07 

13 H 

. 13*0 . 

.. 3*36 .... 

... 3*50 

2 N 

. 28*0 . 

.. 7 25 


Pt 

. 99*0 . 

.. 25*64 .... 

.... 25*49 

3 Cl 

. 106*2 . 

.. 27*49 


4 0 

. 32*0 . 

.. 8*30 


Ci8Hi2N=0<,HCl,PtC12 

.. 386*2 . 

... 100*00 



1 Ternitromesitylene, 

€ahours. N. Ann. Ghim. Fhys. 25, 39. 

Hofmann. Ghem. Soc. Qu. J. 2, 110. 

Formed by the action of a mixture of equal parts of fuming nitric and 
faming sulphuric acid (Cahours), or of fuming nitric acid alone (Hof- 
mann), on mesityl ene. 

When pure mesitylene is added drop by drop and with agitation, 
to the mixture of fuming nitric and sulphuric acid, a white flocculent 
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substance separates out, which when dry is seen to he an aggregation of 
slender interlaced needles. If the process be carefully performed, scarcely 
any rise of temperature is perceptible. When a sufficient quantity of 
the product is obtained, the liquid must be diluted with water and washed 
on a filter, till the wash-water no longer exhibits any acid reaction. The 
product is then dried by pressure between bibulous paper, and lastly 
treated with alcohol, which does not dissolve it but removes a substance 
which gives it a rose-colour. As thus prepared, it is colourless, and 
crystallizes in delicate needles. It may be obtained in a state of still 
greater purity by sublimation at a gentle heat. It is then perfectly 
w’hite and assumes the form of very delicate, shining needles, resembling 
flowers of antimony. It may also be obtained in very well defined 
prismatic needles by adding mesitylene drop by drop to the mixture of 
sulphuric and nitric acid, till the liquid begins to exhibit turbidity, and 
leaving it to evaporate in a very damp atmosphere. The product then 
separates slowly and in well defined crystals. 

Volatilizes without decomposition. Insoluble in cold alcohol (Cahours); 
very sparingly soluble, even in boiling alcohol (Hofmann) ; dissolves 
readily in acetone. (Maule.) 

Cahours. Hofmann. 


18 C 

108 .. 

.. 42-35 .... 

.... 42-26 .. 

. 42-43 .... 

.... 42-U 

9 H 

9 .. 

.. 3-53 .... 

.. 3-44 .. 

.. 3-67 ... 

.... 3-87 

3 N 

42 .. 

. 16-48 .. . 

. .. 16-55 



12 0 

. ... 96 .. 

. 37-64 





255 .. . 100-00 

Ternitromesitylene is slowly decomposed by sulphuretted hydrogen, 
a basic compound being formed. (Maule.) 

By acting on mesitylene with fuming nitric acid unmixed with sulphuric acid, 
Cahours obtained merely a red-brown heavy oil, having a strong pungent odour, but not 
exhibiting any definite constitution (yid. also Kane, irff'.): Hofmann, on the other hand 
obtained crystallized ternitromesitylene, just as with the mixture of nitric and sul- 
phuric acid. ^ 


Nitrite of Pteleyl. C®HSNO^=C®H®X. 

Kane. Fogg. 44, 489; also J.pr. Chem. 15, 148. 

Obtained by heating a mixture of 2 vol. acetone and 1 vol. strong 
nitric acid till it begins to froth; cooling the vessel, by immersion in cold 
water, till the effervescence subsides; heating it again till the effer- 
vescence recommences; then cooling it onco more, — and so repeatedly, 
but not too often; then diluting the mixture with 6 times its bulk of 
water; washing the pale yellow liquid which sinks to the bottom with 
water, till it is quite free from acid; and finally removing the water by 
means of chloride of calcium. This process yields nitrite of pteleyl 
contaminated with mesitic aldehyde, the quantity of which is greater as 
the decomposition has taken place more rapidly; too rapid action must 
therefore be avoided, inasmuch as there is no means of separating 
the mesitic aldehyde completely. 

Thin liquid, heavier than water. Does not volatilize at 100°. Has a 
pungent, somewhat sweetish taste. 
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Kane. 


6 C 

36 .. 

.. 42-35 .... 

.... 44-57 

3H 

3 . 

.. 3-53 .... 

.... 4-02 

N 

14 .. 

.. 16-47 


4 0 

32 .. 

.. 37-65 



cmmo^ 85 .... 100-00 


According to Kane, tliis compound according to tlie 

snUstitutiou-tlieory, it is C®H^(NO^)=C®IPX. It is polymeric with 
ternitromcsitylene, — Tlio excess of carbon and hydrogen found in the 
analysis, is attributed by Kane to the presence of mesitic aldehyde. 

The compound, when strongly heated, explodes violently, even small 
quantities shattering the containing glass vessel ; hence it cannot bo 
purified by distillation. The explosion is accompanied by evolution of 
nitrous fumes and separation of a considerable quantity of charcoal which 
covers the bottom of the vessel. Paper saturated with the compound 
burns like tinder when dried [how is it dried?] — The compound gradu- 
ally decomposes when immersed in water. — It dissolves in alkalis, 
forming a dark brown solution. (Kane.) 

This compound, when dissolved in absolute alcohol, and heated with 
potash, appears to yield acetic ether. (Chancel, A. Ann, Ghim. JBhys, 
7, 356.) 


Mesitic Ether or Oxide of Mesityl = 

Kane. Pogg, 44, 475; also J, pr, 01im>. 15, 183. 

Preparation. 1. Acetone and oil of vitriol are gradually mixed in 
equal volumes, in a vessel immersed in cold water, so as to prevent any 
great rise of temperature, which would cause the abstraction of all the 
water and formation of niesitylene, and also to avoid evolution of sul- 
phurous acid. The dark brown mixture, containing a small quantity of 
mesitic ether together with mesitylene and a waxy substance, is left 
to cool completely, and then mixed with twice its bulk of water ; after 
which the mixture is set aside, the thickish upper stratum removed by 
means of a pipette, and the smaller portion of it distilled off from lime; 
the mesitic ether then passes over first, but the process does not yield it 
quite pure. 

2. The impure alcoholic solution of chloride of mesityl is mixed with 
a sufficient quantity of alcoholic potash to render it strongly alkaline; 
then warmed for some time; diluted with 8 times its bulk of water; the 
yellow oil which separates out in small quantity dried over chloride of 
calcium, and distilled into two receivers, the acetone which had remained 
mixed wixh the mesityl used in the preparation passing over first, and 
then the mesitic ether, while the mesitylene being less volatile remains 
behind. The chloride of mesityl is decomposed by the potash in such a 
manner as to yield mesitic ether and chloride of potassium. 

Transparent, colourless, very thin liquid, which boils at 120°, has an 
aromatic pdour like that of peppermint, and burns with a bright flame 
and very little smoke. (Kane.) 
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Kane. 

12 C 

72 .. 

.. 73-47 .... 

.... 73*16 

10 H 

10 .. 

.. 10-20 .... 

. .. 10*55 

2 0 

16 .. 

.. 16*33 .... 

.... 16*29 


C‘-H“02 98 .... 100-00 100-00 


According to Kane, it is which would make it identical with oxide of allyl. 


Pyroacetic Oil or Dumasin. 

Kane, ^ogg, 44, 494; also J, pr, Chem. 13, 69. — E. Marchand, 
J. pr, Ghem. 13, 69. — Heintz, Pogg. 68, 27T. ' 

Formed by passing acetic acid or acetone tliroagb a red-Iiot tube, and 
by the dry distillation of those acetates which yield acetone, especially 
if they are suddenly exposed to a strong heat, whereby the acetone pro- 
duced at first is subsequently decomposed. 

The oil cannot be completely separated from the admixed acetone by 
fractional distillation. If to such a mixture there be added oil of vitriol, 
then water, then carbonate of lime, drops of the empyreumatic oil rise 
to the surface, and may be freed by distillation from the pitchy resin 
formed at the same time. (Marchand.) Heintz agitates the empyreu- 
matic oil obtained by the dry distillation of 2 pts. acetate of lead and 
1 pt. lime, repeatedly with water, to remove the acetone; dries it for a 
long time over chloride of calcium, then decants, and boils it for some 
minutes in contact with the air, to volatilize the remainder of the 
acetone; distils, till the boiling point, which is 130° at first, has risen to 
200°, whereupon a blackish tar remains behind; and separates from the 
distillate the more volatile portion, which is the pure pyroacetic oil. 

Thin, transi)arent and colourless oil; boils at 120'' (Kane); between 
120° and ISO'^ (Heintz.) Vapour density 5*204 (Kane); has an aromatic 
odour (Heintz.) 


Calculation, according 

10 C 60 . 

8 H 8 . 

0 8 

to Kane. 
.... 78*94 

.... 10*53 

.... 10-53 

Kane. 
.... 78*82 
.... 10-46 

... 10-72 


C-vapour 

H-gas 

0-gas . 

. 10 .... 

. 8 .... 

t 
<1 

4*1600 

0-5544 

0-5546 

76 

.... 100-00 

.... 100 00 


Oil-vapour .. 

. 1 .... 

5*2690 

Calculation, 




Heintz. 



according to Heintz 

a. 

b. 

c. 

d. 

c. 

12 C 72 .... 

73-47 .... 

73*49 .... 

74*64 

. . 75*51 ... 

. 77-62 .. 

.. 79*66 

10 H 10 .... 

10*20 .... 

10*30 .. 

10*40 

.... 1 0*34 ... 

, 9*40 .. 

.. 8*77 

8 0 16 .... 

16*33 .... 

16*21 .... 

14-96 

... 14-15 ... 

. 12*98 .. 

.. 11*57 

98 .... 

100-00 .... 

100*00 .... 

100*00 

.... 100*00 ... 

. 100*00 .. 

.. 100-00 


a is the analysis of the pure oil which boils between 120° and 130°; the distillates 
h, c, d, e, obtained by continuing the distillation with a rising boiling-point, become 
continually richer in carbon and poorer in hydrogen and oxygen. (Heintz.) 

Since Kane or Heintz cannot have made a mistake of 5 per cent, in the carbon, we 
must suppose that they analyzed different products : hence it would appear that more 
than one empyreumatic oil is obtained from acetic acid or acetone, a supposition which 
is confirmed by the analyses c, d, e. 

The pure oil a analyzed hy Heintz, is by him considered to bo 



26 


ETHYLENE : PEIMARY NUCLEUS Cm 


identical witL Kane’s niesitic ether. It burns with a bright, smoky 
flame. When treated with nitric acid, it solidifies and is converted into 
an acid which dissolves in potash, forming a dark-red solution, and is 
precipitated therefrom by the stronger acids. 


Mesitic Aldehyde. 

♦ 

Kane. JBogg. 44, 491; also Olmiu 15, 150. 

This compound is formed by carefully heating 2 vol. acetone with 
1 vol. strong nitric acid, and diluting with water; but as thus obtained, it 
is always contaminated with nitrite of pteleyl [q^ v.). To obtain it pure, 
mesitylene is boiled with nitric acid, fresh quantities of which are con- 
tinually added till no further action appears to take place; the product 
is then washed with water, and dried over chloride of calcium. 

Heavy yellow liquid of sweetish astringent taste. 


G C 

36 

... 64'29 ... 

ICane. 
64*83 

4 H 

4 .. 

7*14 ... 

7*11 

2 0 

16 . 

... 28*57 .. 

. .. 28*06 

O=H-‘0^ 

56 . 

.. 100*00 .. 

.... 100*00 


Dissolves sparingly in water, hut readily in alkaline liquids, forming 
a yellowish brown solution. — It absorbs ammoniacal gas with great 
avidity, forming a brown resinous mass. This compound of mesitic 
aldehyde with ammonia may be obtained in the crystalline state by 
solution in water and careful evaporation. Its aqueous solution mixed 
with nitrate of silver, immediately forms a yellow precipitate which 
blackens when heated; the reduction is however incomplete. But oxide of 
silver precipitated from the nitrate by a small quantity of potash, is imme- 
diately reduced on addition of mesitic aldehyde, sometimes to a black 
powder, sometimes to a metallic “and somewhat specular coating. (Kane.) 


Iodide of Mesityl or Hydriodate of Mesitylene. 

Kane, Fogg, 44, 478; also J. pr. Chem, 15, 137. 

1. Acetone mixed in a retort with iodine and phosphorus, and 
heated, gives off a large quantity of hydriodic acid gas, and yields a 
distillate coloured dark by iodine and smelling of hydriodic ether. If 
this distillate be treated with water to remove hydriodic acid and with 
potash to remove free iodine, and thereby decolorized, it becomes 
coloured again, both when left to itself and when immersed in w’ater, in 
consequence of the separation of free iodine, wdiich is deposited, together 
with charcoal, at a later stage of the decomposition. At all events, iodide 
of mesityl thus prepared is very impure, being contaminated with vary- 
ing quantities of acetone, mesitic ether, and frequently also of mesitylene, 
and consequently gives very variable results on analysis. It is partially 
decomposed by distillation, 

2. A purer iodide of mesityl is obtained by introducing into a tube 
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a small quantity of iodine, tLen acetone and a piece of pRosplioms, and 
shaking np the mixture with water, after gently heating it. Its compo- 
sition is probably (Kane.) 


Chloride of Mesityl or Hydrochlorate of Mesitylene. 

Kane, Poyy. 44, 476; also J. pr^CJiem. 15, 135. 

1. Acetone is saturated with hydrochloric acid by passing the gas 
through it for several days, during which time an abundant absoi'])tion 
takes place, and the resulting dark brewn, very acid liquid, is mixed 
with water, which takes up the hydrochloric acid, and precipitates the 
chloride of mesityl. This product is then digested with litharge and 
chloride of calcium; but it still remains contaminated with mesitic 
ether and acetone. — It is a dark brown liquid, much heavier than water, 
neutral when recently prepared, hut even on the following day, becomes so 
strongly acid, that it exhales dense fumes of hydrochloric acid. When 
distilled, it gives off hydrochloric acid and yields a distillate, which, 
from being mixed with mesitic ether and mesitylene produced in the 
process, is lighter than water. When distilled with aqueous sulphide of 
potassium, it yields a yellow liquid which contains a large quantity of 
undecomposed chloride of mesityl, together with a little mesitic ether, but 
has a very repulsive odour and gradually deposits sulphur, whence it 
probably also contains sulphide of mesityl. (Kane.) 

2. When a mixture of 1 pt. anhydrous acetone and 2 pts. peuta- 

chloride of phosphorus, kept cool by immersing the containing vessel in 
water, is mixed with four times its bulk of water, and the precipitated 
pale yellow liquid washed with a small quantity of water, and then dried 
over chloride of calcium — from which it must he merely decanted, not 
distilled, because distillation would decompose it — a much purer chloride 
of mesityl is obtained, mixed however with small quantities of mesitic 
ether and acetone. (Kane.) * 



Prejiared hy (2). 


Kane. 

12 C .... 

72-0 

.... 47-12 .... 

.... 47-27 

10 H ... 

10 0 

.... G-54 .... 

.... 6*67 

2 Cl . . 

70-8 

.... 46-34 .... 

.... 45-88 


Ci2ipioci2 152*8 .... 100-00 ........ 100-00 

According to Kane, the formula is C^H^Cl. 

Chloride of mesityl treated with hydrate of potash, does not yield 
acetone. (Lowig & Weidmann.) 


Mesitic Chloral. c®H*CPO*. 

Liebig (1832) Ann, Fharm. 1, 228. — Kane, J, pr, Cliem, 15, 152. 

Formed by passing dry chlorine gas through anhydrous acetone, 
heating the liquid nearly to the boiling point to facilitate the absorption 
when it begins to slacken, and separating the resulting oil from the 
hydrochloric acid which adheres to it, with water. (Liebig.) The oil 
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is dehydrated by placing it over chloride of calcium and decanting. 
(Kane.) 

Oily liquid, of sp. gr. 1*831. Its odour is faint at first, resembling 
that of chloroform and Dutch liquid, but after a few seconds becomes so 
pungent as nearly to take away the senses, and excites a copious flow of 
tears (Liebig); acts very strongly on the nose and eyes, the effect con- 
tinuing for some days ; produces redness and blisters on the hand, like 
caiitharides; but the wounds which it makes are much more difficult to 
heal. (Kane). 


6 C 

36*0 . 

... 2S-39 ... 

Liebig. 

28*0 .... 

Kane. 
.... 28'48 

4 H 

4*0 . 

... 3-15 ... 

2-8 .... 

.... 3*00 

2 Cl 

70*8 . 

... 55*84 ... 

52-6 . .. 

.... 56*83 

2 0 

16-0 . 

... 12*62 ... 

. ... 16*6 .... 

.... 11*69 

...... 

120*8 . 

... 100*00 ... 

100*0 .... 

.... 100*00 


The oil boils at about 71°, but during ebullition gives off hydro- 
chloric acid, and becomes dark and opaque. (Kane.) It is decomposed 
by oil of vitriol and potash with the aid of heat, (Liebig.) When it is 
mixed with a quantity of potash sufficient to dissolve only half the oil, 
the undissolved portion does not appear to be altered; but a larger 
quantity of potash dissolves the oil completely, forming a deep rod-brown 
liquid, which, besides chloride of potassium, contains a peculiar potash- 
salt, whose acid, Pteleic acid, is probably composed of all the 

salts of this acid are soluble; those of the alkalis are red-brown, and do 
not reduce the salts of the heavy metals. (Kane.) 


Mesityl-hypophospliorous Acid. 

When acetone is distilled with phosphorus and iodine, impure iodide 
of mesityl passes over, and this acid remains in the form of a thick 
liquid which, on cooling, solidifies in an asbestus-like mass. Dissolves 
readily in water, producing a bitter and strongly acid liquid, and forms 
with carbonate of baryta, a soluble and insoluble salt. If the filtrate be 
then evaporated nearly to dryness, so that it solidifies in a crystalline 
mass on cooling, and this crystalline mass he freed from iodide of barium 
by repeated boiling with alcohol, niesityl-hypophosphite of baryta 
remains in white neutral crystalline grains which take fire when boated, 
producing a phosphorus-flame and dense fumes of phosphoric acid, and leav- 
ing phosphate of bartya mixed with charcoal; when moistened with nitric 
acid and then heated, they are decomposed with great violence, portions 
of the mass being scattered about. The crystals, when once formed, 
take a long time to dissolve completely in water. (Kano, J, ©r. Qhem. 
U, 14L) - \ ^ -r 


BaO 

76*6 

.... 44*02 .... 

Kane. 

.... 43*80 

P 

31*4 

... 18*04 


6 C 

36*0 

.... 20*70 .... 

.... 20*00 

6'H 

6*0 

3*45 .... 

.... 3*82 

3 O 

24*0 

... 13*79 


BaO,CW02,PO 

174-0 

.... 100*00 
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Mesitylo-pliosplioric Acid. 

1 pt. of acetone mixed with 1 pt. of glacial phosphoric acid, becomes 
heated and yields a dark brown mixture, which when neutialized with 
an alkali, forms a large quantity of phosphate and a small quantity of 
mesitylopliosphate. 

The soda-salt assumes the form of thin rhombic tables, which efflo- 
resce in the air, and fuse in their water of crystallization when heated, 
leaving a soft mass, which, as the heat increases, swells up, blackens, 
and finally leaves a residue of phosphate of soda. (Kane, pr. Ohmi, 
15, 144.) 


NaO.PO® 

102*6 .. 

.. 49*90 .... 

Kane. 

48*8 



58-0 .. 

.. 28*21 


5Aq 

45-0 .. 

.. 21*89 ... 

.... 20*0 


Na0,CSH20-,P05 + 5Aq .... 205*6 .... lOO’OO 


Mesitylo-sulphtiric Acid. 

Kane. 44, 479; also /. jpr. GJimi, 15, 138. 

Obtained by mixing 2 vol. acetone with 1 vol. oil of vitriol, without 
cooling the mixture artificially; diluting it with water when cold, satu- 
rating the acid with carbonate of baryta or lime, and evaporating the 
filtrate to the crystallizing point. (Kane.) 

The Baryta ’Salt decomposed by sulphuric acid yields a liquid, which 
smells strongly of mesitic ether, contains sulphovinic acid, and when 
further concentrated by evaporation, gives off sulphurous acid and turns 
black. 

The Lime-salt assumes the form of small crystals, which, when 
heated, give off 7*2 p. c. or 1 At. water (or 2 At. if the salt be supposed 
to contain 12C). When moistened with nitric acid and heated, it 
decomposes with slight detonation; does not give off sulphuric acid when 
more strongly heated, but leaves perfectly neutral sulphate of lime. 
(Kane.) 


CaO 

Dehydrated. 
28 .... 

23*93 ... 

Kane, 
.... 23*70 

S03 

40 .... 

34*19 


6 C 

36 .... 

30*77 .... 

.... 30*29 

5 H 

5 .... 

4*27 .... 

.... 4*40 

0 

8 .... 

6*84 



Ca0,S03,C6HS0 117 .... 100*00 

[Perhaps more correctly, = 2(Ca0,S03) 4* At all events, tlie salt 

exhibits a peculiarity not observed in the salts of other conjugated acids, viz. that the 
quantity of inorganic base contained in it is sufficient to saturate the whole of the 
sulphuric acid.] 
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Permesitylo-sulphuric Acid. 

Kane, JPo^y. 44^ 470 j also J.pr, Qliem, 15, 1S8. 

One part of acetone is mixed witli 2 pts. of oil of yitriol, without 
co()lin,i^^ HO that the niixturo becomes very hot, turns brown, and gives 
<yir HulphurouB acid; the liquid, when cold, is diluted with water, satu- 
rated with carhonaio of baryta, lime, or lead, and the filtrate evaporated. 

The Baryta-salt crystallizes in small pearly tables, turns brown when 
heated, and leaves 78*4 per cent, of neutral sulphate of baryta. Heated 
with sulphuric acid, it behaves like mesitylosulphate of baryta. 

The Limesalt crystallizes in deliquescent granules and small prisms; 
may be deprived of its 1 At. water of crystallization without blackening, 
hut blackens and takes fire at a stronger heat, and leaves a slightly 
alkaline residue, without giving oflT sulphuric acid. The salt moistened 
with nitric acid decomposes quite quietly when heated. (Kane.) 


Crystallized. 


Kane. 

2 CaO,SO^ 

136 . 

... 70-10 .... 

70-50 

6 C 

36 . 

... 18-56 ... 

18-52 

6 H 

6 . 

... 3-09 .... 

3*33 

2 0 

16 . 

... 8-25 ... 

.. 7-65 

2(CaO,SO3) + C0H6O2. .. 

194 . 

... 100*00 ... 

.. .. 100-00 


[By doubling this formula, we obtain 4(CaO,SO^)-f 


•IF Sulphomesitylo-sulpliuric Acid. 

Hopmann. Oliem, Soc. Qxc. J, 2, 118. 

Mesitylo-hyposulpJiuric acid^ Mesifylo- sulphuric acid. 

Obtained by treating mesitylene with fuming sulphuric acid, whereby 
a reddish brown liquid is produced, which, when exposed to a moist 
atmosphere, becomes gradually crystalline. The application of heat 
must he avoided as it carbonizes the compound, and gives rise to the 
'evolution of sulphurous acid. The brown liquid becomes colourless when 
diluted v^^ith water, and on adding carbonate of lead in excess, a soluble 
lead-salt is formed, together with insoluble sulphate of lead. The lead- 
salt of this acid crystallizes in white needles; it is very soluble both in 
alcohol and in water. (Hofmann.) 


Pb 

Lead-salt. 
104 . 

. 34-23 .. 

Hofmann. 
.. . 34-05 

18 C 

108 . 

. 35*68 .. 

35-66 

11 H 

11 . 

. 3-63 .. 

3-81 

2 S 

32 . 

. 10-58 


6 0 

48 . 

. 15-88 



Pb0,S03,cqg^"} 303 .... 100-00 


The formula of this salt may also be written PbO,C^^H^^S^O®. 
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AcecHoride of Platimim. 

Zetse (1840). J^ogg, 51, 6, 155, and 312; also Ann. Fharm, 33, 29; 
also Ohem. 20, 193. 

Chloroplaiinite of Mesityl, 

'JBre'paration. Dry bicliloride of platinum is mixed witb a small 
quantity of acetone, sufficient only to form it into a pasty mass; the 
mixture placed in a stoppered bottle, and left to itself for 40 hours; and 
the mass, which has tiien become black-brown, crystalline, and friable, 
thrown on a filter, separated from the portion which still remains liquid, 
and repeatedly washed with small quantities of acetone, whereby a black- 
brown substance is dissolved, and the residue turned yellow. — The 
filtrate left in a stoppered bottle, deposits, in the course of 24 hours, an 
additional quantity of acecLloride of platinum, which must likewise be 
washed with acetone. To obtain the rest of the acechloride of platinum 
from the filtrate (and wash-liquor), the greater part of the acetone is 
distilled off from it; the thick syrup poured into a basin; the portion 
remaining in the retort washed out with a little acetone; the whole left 
to evaporate in a slowly produced vacuum over oil of vitriol and hydrate 
of potash; and the residual brittle resinous mass pulverized and washed 
wdth acetone, which leaves the acechloride of platinum tolerably pure. 
All the acechloride of platinum thus obtained is still contaminated 
with a body which is insoluble in acetone free from acid. It must, there- 
fore, be dissolved in warm acetone contained in a long-necked flask, and 
the warm solution filtered from this body into a wide-necked bottle, 
which is then to be closed : pure acechloride of platinum then separates 
as the liquid cools. As, however, acechloride of platinum is much more 
soluble ill hot than in cold acetone, the purification may also be effected 
by immediately distilling the hot-filtered solution nearly to dryness, and 
freeing the residue from the brown substance by washing with acetone. 
In this manner, 100 pts. of bichloride of platinum yield about 20 parts 
of acechloride. 


Crystallized; 

dried in vacuo over 

oil of vitriol. 

Zeise. 

6C . 

36*0 

19-63 . ... 

... 19*43 

5 H 

5-0 

.... 2*73 

... 2-90 

Pt 

99 0 

.... 53*98 . . . 

... 53*59 

Cl 

35*4 

.... 19*30 

... 19*10 

0 

8-0 

.... 4-36 

.. 4*98 


C^H^CbPtO 183*4 .... 100-00 100*00 


= C6H^O,PtCl = C«H‘*,HO,PtCl. (Zeise.) 

Decompositions. 1. Acechloride of platinum heated in the oil-bath, 
sustains without decomposition a temperature of 195"^; from 200° to 
203^5 it turns black and gives off a sour pungent odour; at 215^, it 
begins to give off gas, which escapes very abundantly at 240^, and 
consi.->ts of a mixture of hydrochloric acid and a combustible gas, with a 
trace of carbonic acid: up to 300'^, the gas is accompanied by a vapour, 
which condenses to a brown liquid ; and there remains a black residue, 
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wliicli, wlien heated to redness, gives off a little more of the combustible 
gas, but no liquid, and is coverted into 60*36 p. c. of bicarbide of pla- 
tinum (vi, 285). The brown distillate hereby obtained has a peculiar 
acid odour; fumes in the air in consequence of containing a large quantity 
of hydrochloric acid; appears to contain acetone; and on addition of 
watei’, yields an oil, which rises to the surface, and has a resinous and 
ethereal odour. The decomposition takes place without fusion or intu- 
inesccnco. When acechloride of platinum is ignited with potash, a 
residue is likewise formed, containing PtC^. 

2. When acechloride of platinum is immersed in water, both the 
yellow solution formed at first and the undissolved portion turn brown 
in a few hours at ordinary temperatures, and immediately on the appli- 
cation of heat. If the liquid be continuously boiled, the water renewed 
as it evaporates, the solution becomes colourless, and the residue is con- 
verted into 58*38 per cent, of a black powder, consisting of aceplatinous 
oxide. 

[If we suppose that aceplatinous oxide=C-PtO, and that hydro- 
chloric ’ether is produced simultaneously with it, the equation is 
C®H°PtC10==C^Pt0-l-C’^H®Cl; and consequently, 183*4 pts. of acechloride 
of platinum must yield 109 pts. of aceplatinous oxide=100: 59*4, 
which agrees well enough with Zeise's experiment. This splitting-up of 
an acetone-compound into a compound of the ethyl-series and one of the 
methyl-series, is favourable to ChancePs theory of the constitution of 
acetone.] 

3. Acechloride of platinum is decomposed when heated with potash, 
soda, baryta, or lime, either in the dry or in the humid way. It dis- 
solves slowly in cold potash, forming a brown solution, which indicates 
a commencement of decomposition. Mixed with a solution of hydrate 
of potash in 99 per cent, alcohol, it forms a brown pasty mass, which 
turns black when heated in a retort; and after ^ of the alcohol has 
passed over, is found to be converted into a black powder, surmounted 
by a brownish yellow liquid. If the distillation be continued with fresh 
portions of alcohol, a distillate smelling of hydrochloric ether is finally 
obtained, and the black powder, surmounted by an almost decolorized 
liquid, presents the characters of aceplatinous oxide, though with a few 
peculiar characters. 

4. Acechloride of platinum stirred up with a small quantity of aqueous 
ammonia, dissolves partially, forming first a yellow, then a red-brown 
alkaline liquid which smells of acetone. This liquid boiled in the retort 
with the undissolved reddish powder (during which process, thin streams 
of an ethereal liquid appear in the neck of the retort) dissolves com- 
pletely, forming a brownish yellow liquid, which, however, if the boiling 
be continued, becomes darker and deposits a small quantity of blackish 
powder. When separated from this powder by filtration, and evaporated 
in vacuo over oil of vitriol, it dries up to a dark brown, brittle mass, 
which dissolves but partially and sparingly in alcohol. — When dry 
ammoniacal gas is passed through a solution of acechloride of platinum 
in acetone, a light yellow powder separates, probably consisting of 
acechloroplatinate of ammonia, which, if the passage of the gas be con- 
tinued, is redissolved and forms a clear brownish yellow liquid, in conse- 
quence of the formation of an oil, which increases the solvent power of 
the acetone on the acechloroplatinate of ammonia. (If the solution thus 
formed be mixed with a fresh solution of acechloride of platinum in acetone, the former 
precipitate is reproduced). On distilling this clear brown liquid, acetone 
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first passes over together with ammonia ; then a colourless distillate, 
which becomes milky when mixed with water; then, at the temperature 
of a chloride of calcium bath^ a yellowish liquid, which on addition of 
water, yields an oil that rises to the surface; and lastly, at a still higher 
temperature, a thick, brownish yellow liquid from which water likewise 
separates a large quantity of oil. The honey-yellow, viscid residue in 
the retort deposits on cooling, red-brown granules of acecliloroplatmate of 
ammonia^ which remains behind after the red-brown syrupy mother- 
liquid has been removed by means of ether or acetone. The wash-liquid 
thus obtained, if mixed with water after the greater part of the ether or 
acetone has been distilled off, yields a large additional quantity of the 
above-mentioned oil, which, however, if acetone be present, remains 
dissolved in considerable quantity in the watery liquid. This oil is 
slightly volatile, has an alkaline reaction, is difficult to set on fire, and 
burns with a smoky flame. — Acechloride of platinum dissolved in 98 
per cent alcohol saturated with ammoniacal gas, yields at first merely a 
solution of acechloroplatinate of ammonia precipitable by ether; but 
soon (probably on the addition of more ammoniacal alcohol), there is 
formed, besides the soluble acechloroplatinate of ammonia, a dark red 
body which remains undisk>lved; but no oil is formed when alcohol is 
used. The dark red body is permanent in the air, but decomposes when 
strongly heated, yielding a considerable quantity of sublimed sal-ammo- 
niac and a small quantity of colourless distillate which smells of acetone, 
and leaving a black substance which burns in the air and leaves metallic 
platinum. The dark red body is easily set on fire in the air, and burns 
with a strongly luminous flame tinged with green. It blackens when 
boiled with water, but does not dissolve in it. It is scarcely soluble in 
cold hydrochloric acid, but dissolves completely in that acid at a boiling 
heat, forming a yellow solution. It is insoluble in ether; dissolves spar- 
ingly in boiling alcohol; somewhat more abundantly and with yellow 
colour, in acetone. 

5. Phosphorus immersed in the yellow solution of acechloride of 
platinum in acetone, immediately becomes covered with a black coating, 
the liquid acquiring first a dark brown, then in half an hour a black- 
brown colour, and finally losing all its colour and yielding a red-brown, 
muddy deposit. 

6. Acechloride of platinum dissolved in acetone immediately forms 
with a mixture of acetone and aqueous nitrate of silver, a yellow preci- 
pitate, which in a few minutes changes to black-brown, the liquid 
remaining turbid even after long standing. 

7. The solution of acechloride of platinum in acetone covers metallic 
copper in six hours with a black crust; if a small quantity of hydrochloric 
acid be added, this effect takes place immediately, and is attended with 
evolution of gas. With mercury it first forms an amalgam, but after 
standing for some time, deposits a black powder, whereupon the mercury 
partly recovers its fluidity. 

Comhinatiom, — Acechloride of platinum dissolves sparingly in water ^ 
forming a yellow solution, which changes by gradual decomposition to 
brown. 

Hydrochloric acid^ even when concentrated, does not dissolve it 
without the aid of heat; but solution then takes place without decom- 
position. 

VOL. IX. D 
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Amlhlofo'platinate of Ammonia, Formed by passing dry ammo^ 
niacal gas over dry, finely pounded acecblorido of platinum, the colour 
of which is not thereby altered. The compound yields a large quantity 
of sal-ammoniac by dry distillation. It dissolves for the most part in 
water and alcohol, and sparingly in acetone; its aqueous solution is not 
decomposed by boiling. 

2. When ammoniacal gas is passed through a solution of acechloride 
of platinum in acetone, the same compound is formed and separates at 
first, but afterwards redissolves in the acetone through the medium of 
the oil which forms at the same time; but when evaporated, at last in the 
chloride of calcium bath, it again separates in the granular form, and when 
the liquid is completely cooled, may be separated from the thick brown 
liquid by means of ether or acetone, {yid, sup.) The residue is yellow, 
and becomes brown and moist at the edges when exposed to the air, more 
probably by oxidation than by absorption of water. It decomposes at 
high temperatures, and burns away with flame when strongly heated in 
the air. It dissolves very readily in water, forming a brownish yellow 
liquid, which has a strong alkaline reaction, but does not smell of 
ammonia; may be evaporated to dryness without decomposing; and wdien 
heated with a small quantity of potash, forms a small quantity of yel- 
lowish precipitate, which on the addition of more potash, redissolves with 
copious evolution of ammonia. It dissolves very abundanily in alcohol, 
and is precipitated from the solution by ether. The solution has a very 
strong alkaline reaction, and when mixed with an alcoholic solution of 
bichloride of platinum, forms a copious greenish yellow precipitate, which 
is rich in carbon; if ether be then added to the filtrate, a small quantity 
of light yellow precipitate is formed, which, after being dried on the 
filter, is quickly converted by exposure to the air, into a brown tar. It 
dissolves sparingly in acetone at ordinary temperatures, more abundantly 
at a boiling heat; the undissolved portion is undistinguishable from that 
which dissolves. 

3. Acechloride of platinum is dissolved in ammoniacal alcohol 
(p. 33) in such proportion that the red-brown liquid still remains slightly 
alkaline; the solution filtered from the small quantity of undissolvod 
substance ; the acechloroplatinate of ammonia precipitated from the fil- 
trate by agitation with a large quantity of ether, in large yellow flakes; 
and these flakes collected on a filter (the filtrate, if a sufficient quan- 
tity of ether has been added, is colourless, and retains scarcely anything 
in solution), and dried in vacuo. This process yields acechloroplatinate 
of ammonia in the form of a light yellow substance brownish yellow 
and gummy at the edges only — which dissolves very readily in water, 
but in alcohol only partially, and much more slowly than the substance 
obtained by (2). 

Acechloride of platinum dissolves sparingly in Eilier^ more readily 
in alcohol, especially in hot alcohol, from which it crystallizes on 
cooling; and still more readily, in the proportion of 1 : 30, in acetone, 
which solution does not exhibit any acid reaction till mixed with water. 
(Zeise.) 
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Platinum-resin, 

Zeise. Ann. JPharm, 33, 34, and 6G; also J. pr. Chem. 20, 197j and 

223. 

A solution of 1 pt. bicliloride of platinum in lOpts. acetone is distilled, 
after it has become dark ; the remaining syrup treated with water ; and 
the black-brown tar which thereby separates is washed with water, as 
long as the water continues to be coloured by it. The residue, consisting 
of crude plaiimini' o-esin, may be dried in vacuo over lime or over oil of 
vitriol and hydrate of potash. 

Crude platinum-resin is black-brown, unctuous, brittle at ordinary 
temperatures, but when gently heated, soft,, tenacious, and capable of 
being drawn out into threads. 

When subjected to dry distillation, it gives off gas from 200° upwards; 
swells up at 230° to forty times its original bulk; shrinks together again 
at 270°, yielding at the same time a large quantity of gas, and a distil- 
late, yellowish at first, then brownish, somewhat thick, smelling strongly 
of hydrochloric acid, and resembling that which is obtained in the distil- 
lation of acechloride of platinum. From 300° to incipient redness, it 
continues to yield a large quantity of gas and distillate. The brittle 
carbonaceous residue, which has a fatty lustre, likewise gives off, when 
heated to whiteness in a porcelain retort, a large quantity of gas free 
from hydrochloric acid and burning with a strongly luminous flame. 
This residue still amounts to 42*85 per cent of the dry crude platinum- 
resin, and leaves, when ignited in the air, 45*62 per cent of its weight of 
platinum, whence it must contain 19 or 20 At. carbon to 1 At. platinum. 
According to this result, crude platinum-resin contains 19*55 p>er cent of 
platinum, — If the platinum-resin be mixed with hydrate of potash 
previous to distillation, it yields, between 200° and 300°, without giving 
off any appreciable quantity of gas, a pale yellow, turbid, thickish 
distillate having a resinous and ethereal odour; and from 300° up to a 
red heat, a distillate of similar character, excepting that it becomes 
continually browner and thicker, ultimately solidifies as it cools, becomes 
continually less combustible, and burns with a more smoky flame. — The 
dry distillation of platinum-resin with powdered quicklime takes place 
without intumescence. 

Crude platinum-resin is a mixture of several products of decomposi- 
tion. If it be treated, at ordinary temperatures, so long as each of the 
successive liquids becomes coloured, first with spirit of 80, then of 93 
per cent, then with absolute alcohol, then with ether, and lastly with 
acetone, first cold and then boiling, a black residue is left, and various 
solutions are obtained, all having a dark brown colour so strong as to 
render them opaque, and containing more or less acechloride of platinum. 
The alcoholic extracts are partly precipitable by water, yielding greyish 
yellow precipitates; the ethereal solution mixed with alcohol yields 
greyish black, dark brown, a.nd black precipitates; and the acetone solu- 
tion is precipitable by ether. These solutions all yield by evaporation 
dark amorphous residues: that which remains from the alcoholic solutions 
dissolves readily in potash-ley; the residue of the solutions in ether or 
acetone, sparingly or not at all. All these residues, when subjected to 

D 2 
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dry distillation (tliose only from the alcoholic extracts swelling up) yield 
a gasj part of which is highly combustible^ a chlorinated distillate, con- 
sisting of a colourless and a yellow or brown li(|uid mixed together, and 
a residue of carbide of platinum. 

When dry aminoniacal gas is passed through a very dark brown 
alcoholic solution of crude platinum-resin, till the liquid becomes slightly 
alkaline, a largo quantity of yelloio crystallim powder is precipitated, 
resembling chloroplatinatc of ammonium. This precipitate, after being 
washed, iirst with weak spirit till the little crystals of sal-ammoniac 
mixed with it arc dissolved out and the wash-liquid no longer forms a 
clond in silver-solution, — and afterwards with spirit of 08 per cent, 
presents tlio appearance of a yellow crystalline powder. Subjected to 
dry distillation, it yields at high temperatures a sublimate of sal-ammo- 
niac, a colourless distillate, and a carbonaceous residue which leaves 
platinum when burned. It dissolves to a certain extent in alcohol, 
forming a yellow solution, find is not decomposed when this solution is 
boiled or evaporated. The solution does not precipitate bichloride of 
platinum or nitrate of silver; but, when heated with the latter, it becomes 
clouded by a red-hrown precipitate, which, on addition of nitric acid, 
becomes colourless and is converted into chloride of silver. The alcoholic 
solution likewise yields a precipitate of chloride of silver when mixed 
with nitric acid and then with nitrate of silver, the precipitate being 
formed gradually at ordinary temperatures, and more quickly on the 
application of heat. The yellow crystalline powder dissolves very 
sparingly in acetone, hut more freely when sal-ammoniac is present. 

If the alcoholic liquid filtered from the yellow crystalline powder be 
distilled till two-thirds have passed over, the residue deposits brown 
crystals which may be collected on a filter; they are much more soluble 
in alcohol than the yellow crystalline powder. — If the washing with 
alcohol be continued till the greater part is dissolved, the residue when 
dissolved in fresh alcohol gives a strong precipitate with nitrate of silver, 
but does not produce the brown colour when heated. 

The dark brown mother-liquor run off from these brown crystals, 
distilled to dryness in the chloride of calcium bath, yields a residue which 
when treated with ether, leaves an insoluble hlach crystalline body. This 
substance treated with boiling spirit of 98 per cent, yields a yellowish 
brown liquid, which, when evaporated, leaves a brown residue partly 
soluble with yellowish-brown colour iu water, and leaving a blackish 
residue. The yellowish ])rown alcoholic solution is not precipitated by 
cold water, but when boiled with water till the alcohol evaporates, it 
yields a brown turbid liquid. This liquid yields a brownish filtrate which 
precipitates a solution of nitrate of silver, but not with rod-brown colour, 
and deposits red-brown flakes, both with hydrochloric acid ami with 
potash, the solution in the latter case being decolorized ; these flakes are 
produced in particular abundance on boiling the liquid, in which case, if 
potash be used, a trace of ammonia is given off. 

The dark brown ethereal liquid filtered from the black crystalline 
body, leaves, when evaporated in vacuo over oil of vitriol, first a red- 
brown, transparent syrup, then a red-hrown, solid residue. The alcoholic 
solution of this residue neutralized or supersaturated with ammonia, 
deposits a small additional quantity of the yellow crystalline powder, a 
portion of which still remains when the liquid is evaporated to dryness 
in vacuo, and the residue exhausted with ether; this red-brown ethereal 
solution leaves on evaporation, a residue consisting of indifferent 'platinwnh’^ 
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resin. This substance dissolves completely with red-brown colourj in 
ether and alcohol, and is precipitated from the latter solution by water in 
large brown flakes. It is perfectly neutral. By dry distillation it yields 
an acid suflbcating vapour, a yellow, resinous sublimate (no sal-ammo- 
niac), and a carbonaceous residue. It burns in the flame of a spirit- 
lamp with a bright but very sooty flame, leaving a small quantity of 
platinum. Its alcoholic solution is somewhat darkened by addition of 
hydrochloric acid, and when mixed with nitrate of silver and left to 
stand for some time, yields a copious greyish yellow precipitate. 

The extract of crude platinum-resin prepared with acetone likewise 
yields a yellow crystalline precipitate with ammonia. (Zeise.) 


Aceplatinous Oxide. 

Zeise. Ann. JE^harm. 33, 54; J. 'pr, Gkem. 20, 213. 

Precipitated in the form of a black powder on boiling acechloride of 
platinum with water; also in considerable quantity on boiling the dark 
brown liquid from which acechloride of platinum has been deposited 

(p. 10). 

Coal-black powder, containing 92’01 per cent of platinum. — [The 
formula C“P to requires 90-82 p.c. platinum.] 

Takes fire when heated for some little time, with brisk decrepitation 
and tolerably loud report, often on merely admitting the air to it after it 
has dried in vacuo, inasmuch as it then absorbs the air and becomes 
heated. A thin layer of the powder placed on paper moistened with 
alcohol, takes fire in the same manner and generally sets fire to the alcohol. 
With ether or acetone no such effect is produced. Nitric acid does not 
exert much action on this substance, but aqua-regia when digested with 
it for some time, dissolves a portion with yellowish colour, leaving a 
residue of the same colour. — Strong hydrochloric acid digested with the 
powder dissolves but a small portion of it, forming a red-brown solution. 
— Acetone in the course of 24 hours dissolves a small portion of it, 
acquiring a brownish colour. 

Aceplatinous oxide prepared by means of alcoholic potash is likewise 
a coal-black powder, free from metallic particles, and exhibiting the 
above reactions with alcohol. But it dissolves readily aud completely 
in aqua-regia, and is very little attacked by hydrochloric acid. (Zeise.) 


^ Acetonic Acid. C®H 80 »=HO,C 8 H^O^ 

Stadeleb. Cliem. Gaz. 1853, 341. 

Formed from acetone in the same manner as formobenzoilic acid from 
oil of bitter almonds. Crystallizes in prisms; has a strongly acid taste 
and reaction; dissolves readily in water, alcohol, and ether, and fuses 
when heated, into a colourless oily liquid, which again solidifies in the 
crystalline form on cooling. By fusion with an excess of hydrate of 
potash, it yields acetone. When heated with strong snlphnric acid, it is 
decomposed with abundant evolution of gas. Forms crystallizable salts 
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witli Lasepi. Tlie mic-saU^ C^H’^ZnO'’’, closely resembles lactate of zinc, 
but dissolves sparingly in water even at a boiling heat; it is insoluble 
in alcohol and other; gives off its water a little above 100“. — The 
haryta-salt^ C^IPBaO^ dissolves readily in water and in alcohol, but is 
insoluble in other. Orystallizcs only from a very strong solution, forming 
small white prisms, or long fibrous, satiii-like, crystalline masses, whicli 
lose their %vatcr of crystallization even in vacuo. — On adding nitrate of 
silver to a tolorahly strong solution of the acid neutralized with ammonia, 
xnotallic silver is slowly deposited in dark flakes. T 


Acetal. 

LiEBia. Ann, Fhan/i. 5, 25; also Fogg. 27, 605. — Ann. Fharm. 

14, 15G. 

Stas. iVl Ann. Ghwi, Fhys. 19, 146; also J. pr. Chem, 40, 340. 

Heavy Oxygm-eilier, Sekteerer Saucrstoffatlier. — For the history of this com- 
pound, md. VIll, 274. 

Formation. By the imperfect combustion of alcohol in contact with 
platinum-black. (Dobereincr.) — 2. In the decomposition of alcohol by 
chlorine, so long as no substitution-products arc formed, acetal is the 
principal product (Stas.) : 

3Odi0O2 + 2C1 = + 2HC1 + 2HO. 

[This formation of acetal from hydrated alcohol appears to precede 
the formation of aldehyde (VIIT, 214) : 

C12IP404 + 2H0 + 4C1 == 3CTi^02 + 4HC1.] 

Freparation. A number of watch-glasses containing moist platiniim- 
black are placed on a stand above a quantity of spirit of 60 to 80 
per cent, contained in a shallow dish; the whole covered with a bell- 
jar so arranged so to allow a certain access of air; tbe liquid, wliicli 
becomes acid in two or three weeks, and then consists of water, alcohol, 
acetic acid, acetic ether, aldehyde, and acetal, neutralized with chalk, 
and distilled; and the distillate saturated with chloride of calcium, ahovc 
the solution of which there rises a thin mixture of acetic ether, aldehyde, 
and acetal. If this liquid bo distilled, aldehyde and acetic ether pass 
over first; but at to 95% at which point the receiver should be 
changed, the chief product is acetal, which must be purified by repeated 
rectification, the portion which goes over from 94“ to 95^" being always 
collected in a separate receiver. It may be freed from the remainder of 
the aldehyde by passing ammoniacal gas through it and washing with 
water; but to purify it completely from acetic ether is more difificult. If the 
rectified product be repeatedly digested with chloride of calcium, a white 
pulverulent precipitate is deposited after all the water and alcohol have 
been removed, probably consisting of the compound of chloride of calcium 
and acetic ether already described (YIII, 499). — If the distillate obtained 
after neutralizing with chalk he repeatedly treated with chloride of 
calcium, till that substance is no longer moistened ; the liquid then dis- 
tilled; and the portion which passes over at 94° collected apart; this 
portion exhibits a boiling-point rising from 88“ to 110% in consequence of 
the admixture of a large quantity of acetic ether; hence if the portion 



ACETAL. 


sa 


wliicli passes over at 88^ be sliaken up with strong potasb, it diminisbes 
in a few hours to less than half its bulk, in consequence of the formation 
of alcohol and acetate of potash. (Stas.) 

2. Pieces of pumice-stone, washed and ignited, are moistened witb 
nearly absolute alcohol, and placed on the bottom of a short and wide- 
necked glass globe of 40 or 50 litres capacity; a number of capsules, as 
many as the globe will hold, each covered with a thin layer of plati- 
num-black, are placed on the pumice-stones; and the globe, covered with 
a well fitting glass plate, is set aside at a temperature of at least 20°, 
till all the alcohol has become acid. One or two litres of 60 per ce; t 
alcohol are then poured upon the bottom of the globe, the quantity being 
however not sufficient to cover the pumice-stones completely; the globe 
covered and left for two or three weeks at 20°, the air being frequently 
renewed; the thickish liquid under the pumice-stones drawn off and 
replaced by an equal quantity of fresh alcohol; and this process repeated 
till several litres of thickish acid liquid have been thus obtained. This 
liquid is either neutralized with carbonate of potash and then saturated 
with chloride of calcium, or neutralized with carbonate of potash and 
saturated with dry acetate of potash, or merely saturated with actetate 
of potash without previous neutralization, — after which, it is distilled 
into a well cooled receiver, till a fourth has passed over. On saturating 
this distillate with chloride of calcium, a pungent mixture of aldehyde, 
acetal, acetic ether, and alcohol separates out, and may be removed with 
a pipette. A further quantity of this mixture may be obtained by 
adding water to the remaining chloride of calcium solution, as long as 
any of it continues to separate; and the dilute chloride of calcium solu- 
tion yields a little more by distillation. Chloride of calcium is then 
added to the alcoholic mixture, as long as it is thereby liquefied; this 
mixture decanted from the chloride of calcium solution, and distilled 
without boiling, till the distillate no longer reduces an ammoiiiacal solu- 
tion of acetate of silver, that is to say, till the residue is free from 
aldehyde; the distillate mixed with a very large excess of strong potash, 
set aside, and frequently shaken, to decompose all the acetic ether; the 
decanted liquid washed once or twice with an equal volume of water to 
remove the alcohol; then digested with chloride of calcium, and dis- 
tilled from small retorts in contact with platinum wire or metallic 
mercury. (Stas.) 

3. Chlorine gas is passed through 80 per cent alcohol cooled to 
10° or till substitution-products are formed, which may be knowm by 
a portion of the alcohol becoming turbid on the addition of water. One- 
fourth of the strongly acid liquid is then distilled off; the distillate 
neutralized with chalk; one- fourth again distilled off; the distillate 
treated with chloride of calcium, whereupon a mixture of alcohol, acetic 
ether, aldehyde and acetal rises to the surface; this stratum of liquid 
freed as completely as possible from alcohol and ether by means of chloride 
of calcium; and purified in the same manner as in (2). (Stas). 

Froperties, — Transparent colourless liquid as thin as ether (Liebig) ; 
much less fluid (Stas). Sp. gr. 0'823 at 20° (Liebig); 0*821 at 22*4° 
(Stas). Boiling point 95*2" at 27" r' (Liebig); 104° to 106° at 0*768 
met. (Stas). Vapour-density 4*141 (Stas). Smells like heavy hydro- 
chloric ether (Liebig); has a peculiar agreeable odour, and a refreshing 
taste, with an after-teste like that of hazel-nuts (Stas). 
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Liebig, 

Stas. 


Vol. 

Density. 

12 C 

.. 72 ... 

. Gl-02 .. 

.. 59*59 ... 

60-70 

C- vapour 

12 ., 

.. 4-9920 

14 H 

.. 14 ... 

.. 11*86 .. 

.. 11*86 . 

.. 11*94 

H-gas 

14 .. 

0*9702 

4 O 

... 32 .. 

.. 27*12 .. 

.. 28*75 .. 

.. 27*36 

0-gas 

2 . 

... 2*2186 

c>n-i‘'o‘ . 

... 118 .. 

.. 100*00 .. 

.. 100*00 ,. 

.. 100*00 

Acetal-vapour 

2 . 

1 . 

... 8*1808 
... 4*0904 


Licljig, from tlie analysis of liis acetal (which was probably not quite free from 
acetic ether), deduces the formula — Acetal is in the ethylene-series, what 

melhylal, (VII, 310), is in the methylene-series. — It might be regarded as a 

conjugated compound of 2 At. ether with 1 At. aldehyde =2C“^H''’0 ■+ 
but its behaviour with alkalis and silver-solutions renders the presence of aldehyde 
irnprobahlc. (Stas.) [Or it is a conjugated compound of 1 At. acetic ether with 4 At. 
alcohol minus 4 At. water : 

+ 4C^H602 = + 4H0 

(see the observations on methylal, YII, 262 to 263) ; but the behaviour of the compound 
with alcohol is unfavourable also to this supposition.] 

Decompositions. Acetal is doubtless inflammable. — It is permanent 
when alone, both in moist and in dry air; but in contact with air and 
platinum-black, it is quickly coiiyerted into aldehyde, and then into 
strong acetic acid (Stas) : 

C12I-P404 + 40 = 3C^H^O“ + 2HO. 

The conversion into acetic acid was previously mentioned by Liebig Chlorine 

abstracts hydrogen and forms chlorine-products not yet examined. 
(Btas.) — Dilute nitric acid first forms aldehyde, then acetic acid; chromic 
acid yields only the latter. (Stas.) — Oil of vitriol dissolves acetal, and 
decomposes it with blackening. (Stas.) — Acetal, either alone or dissolved 
in alchhol, does not reduce silver-salts (Liebig), not even acetate of 
of silver mixed with ammonia. (Stas.) — When kept from contact of air, 
it is not decomposed by strong potasb or soda-ley, by hydrate of potash 
or soda, or by hydrate of lime, even with the aid of heat. (Stas.) — Its 
mixture with alcoholic potash assumes a brown colour when exposed to 
the air, from formation of aldehyde-resin, the colour proceeding from top 
to bottom, and becoming continually darker; but when heated out of 
contact of air, it remains unaltered, acquiring however an unpleasant 
soapy odour ; if it be then poured into a wide vessel containing air, it 
absorbs oxygen gas. (Liebig.) 

Comlinatiom, Acetal dissolves in 6 or 7 parts of Wateo' (Liebig) ; 
at 25°, it requires T8 times its volume of water to dissolve it, its solubility 
increasing as the temperature rises (Stas); chloride of calcium and most 
salts that are soluble in water, separate acetal from water. (Stas.) 

Acetal mixes with Alcohol and Etha^ in all proportions. (Liebig.) 
From its combination with alcohol, it cannot be separated by chloride of 
calcium, unless water be likewise added. (Stas.) 
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Lignone. 

L. Gmelin. Bandh. Anfl. 3, 2, 344.— Flavm, 25, 4T. 

Liebig. A7in, Pharm, 5, 32; also Po^^. 27, 613. 

LowiG. Po^^, 42, 404. The properties there attributed to wood- 
spirit, really belong, according to J. pr. Ghem. 20, 435, to Lignone. 
Weidmann & ScimEiZER. Pocjg. 43, 598; 49, 135, 293 and 323; 50, 265; 
also J, pr, Okem. 23, 14. — The whole together: J.pr, Glieni, 23, 14. 

Xylite (Weidmann & Schweizer) ; Pormosal (Kane). — For the history of this 
substance, md. YII, 258, Reichenhach {Scliw. 69, 241) maintained that lignone is a 
mixture of alcohol and his mesite, which latter he regai'ded as acetone (p. 52). 
Liebig (Ann. Pharm. 10, 315) pointed out the incorrectness of this view, showing that 
the properties of a mixture of alcohol and acetone are very different from those of 
lignone. Weidmann and Schweizer have made the most elaborate investigation of 
lignone, and examined many of its products of decomposition, 

Lignone is formed in the dry distillation of wood, and occurs in crude 
wood-vinegar together with other spirituous liquids, viz , wood-spirit, 
acetone, aldehyde, Reichenbach’s mesite, (methylic acetate?) and Weid- 
mann & Schweizer’s mesite. The wood-spirit and methylic acetate 
generally predominate, the latter being resolved, when the crude wood- 
spirit is distilled over lime, into methylic alcohol and acetate of lime 
(VII. 259). In crude wood-spirit from Wattwyl, Gmelin found a large 
quantity of lignone, and in samples from a wood-vinegar manufactory 
at Zurich, Weidmann & Schweizer found in one instance nearly pure 
methylic alcohol, in another, chiefly lignone. 

Prcparatiooi. 1. The first portions of distillate obtained in the distil- 
lation of crude wood-vinegar are freed from the empyreumatic oil which 
floats on the surface, and repeatedly rectified over lime, the more fixed 
portion being each time thrown aside. The resulting distillate, consisting 
of wood-spirit, lignone, W. & Schw.’s mesite, and a small quantity of 
empyreumatic oil [and a little water] is saturated with chloride of 
calcium; this solution distilled in the water-bath, without adding fresh 
chloride of calcium, which would retain a portion of the lignone as well 
as the wood-spirit; and, the distillate, consisting of lignone, mesite, empy- 
reumatic oil, and a small residual quantity of wood-spirit, freed from 
this residue by repeated distillation, in which process a small quantity of 
lignone is also retained by the chloride of calcium. The liquid is then 
distilled alone till the distillate, when mixed with water, becomes turbid 
from the presence of empyreumatic oil; the distillate mixed with finely 
pounded chloride of calcium, with which it forms a tumefied mass and a 
liquid, containing many impurities dissolved in the lignone; the liquid 
after a few -days allowed to run ofiT by a filter; and the residue on the 
filter, which contains chloride of calcium in combination with pure lignone^ 
distilled in the water-bath, whereupon the latter passes over. (Weidmann 
& Schweizer.) 

Pure lignone treated with hydrate of potash should instantly yield 
white shining laminas of a peculiar potash-salt; if this efiect takes place 
after some time only, the lignone contains wood-spirit which retains the 
salt in solution, so that it does not separate till a larger quantity of potash- 
hydrate is added, which at the same time occasions a further decomposi- 
tion of the lignone. — If the lignone contains mesite, even in small 
quantity, it is immediately turned brown by potash, even during the 
separation of the above-mentioned potash-salt. 

2. Pure wood-spirit is rectified; the distillate saturated with chloride 
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of calcium j tlie empyreumatic oil which separates from the solution 
removed; the remaining liquid distilled in the water-hath; and the first 
portion which passes over collected separately, because it is only the 
latter portions which contain the purer lignoue, which must then be freed 
from water by rectifying it several times over chloride of calcium, till 
the boiling point becomes constant. 

3. Crude wood-spirit, after being mechanically freed from empyreu- 
matic oil, is rectified several times over milk of lime, then repeatedly 
with an equal quantity of water, the oil which separates on the addition 
of water being each time set aside, and the distillation interrupted as 
soon as all the alcoholic portion has passed over. The product is then 
distilled several times over small quantities of chloride of lime, to resinize 
the remaining portion of oil and render it more fixed [which however 
may he injurious from the action which chloride of lime is apt to exert 
upon lignone] ; and lastly the spirit is freed from water and methyl- 
alcohol by repeated distillation in the water-bath, first over a small 
quantity, and then over a large quantity of chloride of calcium. ^ The 
lignone thus purified still however retains a trace of empyrcumatic oih 
which may be detected by the odour. (Gm.) 

Properties. Thin, transparent, colourless liquid. Sp. gr. 0*816 
(Weidm. & Schweizer), 0*804 at 18'^ (Liebig), 0*797 (Lowig), 0*836 at 
12*5° (Gm.) Boils at According to Lowig and to Wiedrnann & 

Schweizer, it boils at 60^ with the barometer at 28" (Liebig); 61*25° at 
27" 6"' (Gm). Yapour density= 2*177 (W. & Schw,); 1*824 (Kane). 
Has a pleasant ethereal odour (W Schw.); penetrating and ethereal 
(Liebig); somewhat like that of acetic ether (Gm.) Its taste is burning 
(W. &Schw.); biting and aromatic (Liebig, Gm.) Does not redden litmus. 


Calcidations. 



At 

a. 

Yol. 

Density, 

At. 

b. 

Yol. 

Density. 

c .... 

8 .... 48 .. 

.. 53-33 . 

.. 8 .. 

.. 3-3280 

12 .... 

72 .... 53-73 

.. . 12 . 

4-9920 

H.... 

10 .... 10 .. 

.. 11*11 . 

... 10 .. 

0*6930 

14 .... 

14 .... 10-45 

.... 14 . 

... 0-9702 

O.... 

4 .... 32 .. 

.. 35-.iC . 

... 2 .. 

.. 2-2186 

6 .... 

48 . 35-82 

... 3 . 

... 3-.3279 


90 .. 

..100*00 . 


.. 6-2396 

134 ....100-00 

.... 4 . 

... 9-2901 








1 . 

... 2-3225 


At. 

c. 

Yol. 

Density. 

At. 

d. 

Yol. 

Density. 

C.... 

12 .... 72 

.. 58-06 . 

... 12 . 

4-9920 

10 .... 

60 .... 58-82 

.... 10 . 

4-1600 

H.... 

12 .... 12 .. 

.. 9*68 . 

12 , 

0-8316 

10 .... 

10 .... 9*81 

.... 10 . 

, . 0-6930 

0.... 

5 .... 40 .. 

... 32-26 . 

... 2h 

.. 2-7732 

4 .... 

32 . . 31-37 

.... 2 . 

2*2186 


124 .. 

,.,100-00 , 

... 4 . 

... 8-5968 

102 ....100*00 

.... 4 . 

.. 7-0716 




1 . 

... 2-1492 



1 . 

1*7679 





Analyses. 





W. 

& Schw. 

Liebig. 

Kane. 


L. Gmelin. 




a. 

h. 


a. 

b. 

c. 

d. 

C .... 

58-50 ... 

. 48-11 .. 

... 54-75 .... 54-88 .... 

53*25 

.... 54-77 .... 

55-37 

.... 57*71 

H... 

10*04 ... 

11*81 .. 

... 11-11 .... 11-27 .... 

10-62 

.... 10-12 .... 

9-83 

.... 10*34 

O.... 

31*46 ... 

. 40-08 .. 

.. 34-14 .... 33-85 .... 

36*13 

.... 35-11 .... 

34-80 

. .. 31*95 


100*00 .... 100-00 .... 100-00 .... 100-00 .... 100*00 .... 100-00 .... 100*00 .... 100*00 


The lignone a analyzed by Liebig had been freed from water and 
alcohol by two, and 5 by four rectifications over chloride of calcium. — 
Kane {Ann. Pharm. 19, 180,) examined a residue of Liebig’s lignone. 
T— The lignone a examined by Gmelin was obtained by (3), had a density 
of 0*836, and boiled at 61*25°; h was purified by several rectifications 
of a over chloride of calcium, and c by one more; it had a density of 
0*843; and boiled at 59° The lignone d was obtained by repeated distil- 
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lation of Parisian wood-spirit in the water-batli, over large quantities of 
chloride of calcium; but its odour, and its boiling point, wliich was 
about 58*75°, indicated the presence of acetone. 

Both the analyses and the determinations of vapour-density, differ 
too much from one another to allow of the deduction of an exact formula 
for lignone. If a sample of wood-vinegar contains but a small quantity 
of acetone, this impurity will, in all probability, remain attached to 
the lignone prepared by the several processes above detailed. If we 
attempt to dehydrate the lignone, as much as possible, by repeated distil- 
lation in the water-bath over chloride of calcium, a portion of the 
lignone is always retained by the chloride of calcium, while all the 
acetone, which does not appear to unite with the chloride of calcium, 
passes over; hence the lignone must become continually richer in acetone, 
and therefore also in carbon. But, admitting the validity of this expla- 
nation, with regard t») Gmeliffs analysis of lignone it must still be 
doubtful with respect to Weidmann Schweizer’s analysis, inasmuch as 
the boiling point found by these chemists was by no means below that 
which Liebig and others had observed in samples of lignone containing 
less carbon, whereas the presence of acetone, which boils at 56°, would 
have lowered the boiling point of the lignone. Can the difference be 
due to the presence of a less volatile compound, similar in other respects 
to acetone ? 

Whatever may be the true formula of lignone, it appears to be a 
conjugated compound, perhaps of higher order, and containing, as 
"Weidmann & Sohweizer suppose, a compound of the methylene series 
and another of the ethylene series. For its boiling point is too low to 
allow it to be regarded as a primary compound of a nucleus, containing 
8 or more atoms of carbon; moreover, according to Weidmann & 
Schweizor, it yields, when decomposed in various ways, on the one hand, 
wood-spirit, formic acid, sulphate of methyl, and sulphomethylic acid, 
and on the other, aldehyde, acetic acid, and acetic ether. 

Weidmann & Schweizer assign to lignone the formula accord- 

ing to which, it is a compound ether of the third class (VII, 100), 
hypoacetylite of methyl But this hypoacetylous acid 

(or xyliiic acid, as Weidmann & Schweizer call it), which, in the 
hypothetical anhydrous state, would be composed of is un- 

known, and indeed impossible, on account of the division of the atom. 
— At all events, we should have to double the formula of lignone and 
make it in order to get rid of the half-atom; but even then, 

the formula is improbable by reason of the uneven niimher of atoms 
which it exhibits. Equally improbable are the highly complicated 
equations by which these chemists seek to explain some of the reactions 
of lignone, wherein they are driven to admit the existence of acetylous 
or aldeliydic acid (C^H^O^, or in the hypothetical anhydrous state, 
as well as of the above-mentioned hypoacetylous acid, 

% According to Yolckel {Poyg. 83, 27, 577; abstr. Jahresher. 1851, 
498), Weidmann &> Schweizer’s xylite is a mixture of methylic acetate, 
acetone, and another substance polymeric with the latter, to which 
Volckel proposes to transfer the name of xylite. He finds that the 
liquid obtained by repeatedly treating crude wood-spirit with chloride of 
calcium and distilling fractionally, varies in boiling point from 55° to 
120°. The portion which passes over between 55° and 71° exhibits the 
properties of Weidmann & Schweizer’s xylite, but does not exhibit a con- 
stant boiling point, or yield any definite product by treatment with chloride 
of calcium. The pure xylite is obtained by repeatedly rectifying the 
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portion wliicL passes over between 61° and T0°. It is a colourless liqtiid 
of peculiar odour and burning taste. Sp. gr. 0-805. It distils over com- 
completely between 61° and 62°; mixes in all proportions with water^ 
alcobolj and other, and is precipitated from its aq[ueous solution by 
■water or by an alkali. Its formula is C^^bP^O^. IT. 

Decompodtioiis. 1. Lignone hums with a flame which is reddish 
yellow above and blue below; docs not smoke; gives more light than 
that of alcohol but less than that of ether. (Gm.) 

2. Dry chlorine gas passed through lignone gives rise to a tolerably 
strong action and evolution of hydrochloric acid gas, and forms two 
layers, the lower of which is oily, and continually increases at the ex- 
pense of the upper. Towards the end of the process, the action must be 
increased by the application of a gentle heat, after which, the resulting 
oil (xylitic chloral) may be washed with water, and dehydrated by 
chloride of calcium, which does not dissolve in it. 

This Xylitic Chloral contains 29‘25 per cent 0, 3*51 H, 58*32 Cl 
and 8*92 0; its formula is therefore C^^H®CP0'h [Probably formed in 
this manner : 

Ci-tP-QS + CCl = Ci-I-FCPO^ + 2HO + 2HC1?] 

Xylitic chloral has a very pungent odour, gives off hydrochloric acid 
when distilled, and yields a distillate of various volatile compounds, 
while a quantity of solid matter remains behind. When distilled with 
water, it first passes over undecomposed, then gives ofl' hydrochloric 
acid, and is converted into another compound. (Weidinann & Schweizer.) 

3. Lignone placed in a test-tube with an equal volume of strong 
nitric acid, so as to form a layer above it, becomes heated, and quickly 
passes into a state of violent intumescence, and is thrown out of the 
tube by jerks, giving off nitric oxide gas which has an ethereal odour, 
and leaving a liquid clouded with oily drops, which increase on the addi- 
tion of water. The yellow watery liquid contains oxalic acid, and turns 
brown on the addition of ammonia; the oil is yellow and viscid, tastes 
sweet and aromatic at first, but afterwards sharp and burning, leaving 
for hours a burning sensation on the tongue. (Gm.) 

4. Lignone slowly mixed with an equal volume of oil of vitriol, 
forms a light brown syrup. (Gm.) When quickly mixed with oil of 
vitriol, it becomes strongly heated, and forms a thick dark brown mix- 
ture. Water added to this mixture takes up acetic and sulphomethylic 
acids, and separates a black-brown oil, consisting of lignone, mesite, 
xylitic naptha, xylite-oil, and a brown and yellow xylitic resin. With 
2 pts. lignone to 1 pt. oil of vitriol only a small quantity of oil consist- 
ing chiefly of mesite and xylitic naphtha, separates on the addition of water; 
— if the liquids are mixed in equal volumes, the products are formed in 
equal quantities; — with 1 pt. of lignone to 3 pts. of oil of vitriol, the chief 
products are xylite-oil and xylite- resin. (Weidmann & Schw.) — Lignone 
distilled with an equal quantity of oil of vitriol gives off sulphurous 
acid from the first, but in continually increasing quantity. The first 
products which collect in the receiver are lignone and mesitene, — then 
two layers of liquid, the lower consisting of aqueous acetic acid, the 
upper of mesite and methol; lastly, a small quantity of methylic sul- 
phate passes over. — When 1 pt. of lignone is distilled with 4 pts. of 
oil of vitriol, the mixture froths up strongly, and gives off a large 
quantity of sulphurous acid, together with acetic acid, acetate of methyl, 
sulphate of methyl, and a small quantity of mesitene, but no methol. — 
With 16 pts. oil of vitriol, the distillation takes place quietly, and a very 
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large quantity of acetic acid is obtained, together witli inucli sulphurous 
acid and methylic sulphate, very little methylic acetate and no methol. — 
In all these distillations, a carbonaceous mass remains behind. (Weid- 
inann <fc Schweizer.) — When 1 pt. of lignone is distilled with 2 pts. of 
oil of yitriol and 1 pt, of acid oxalate of potash, sulphurous acid is con- 
tinually evolved; lignone and niesitene pass over first; then oxalate of 
methyl, acetic acid, and methol; and at last a small quantity of methylic 
sulphate. (Weidmaim & Schweizer.) — According to Yolckel, the pro- 
ducts obtained by the action of oil of vitriol on lignone, are the same as 
those produced by excess of caustic potash. {yicL inf.) 

5. When 2 pts. of lignone are distilled with 2 pts. of peroxyde of 
manganese, 3 pts. of oil of vit7'iol, and 3 pts. of water, lignone passes 
over first, together with a large quantity of aldehyde, then, till the 
end of the distillation, water containing formic acid. (Weidmann & 
Schweizer.) 

6. When hydrate of potash is gradually added in small pieces to 
anhydrous lignone, kept from contact with the air, the pieces swell up 
on being immersed, and in a few minutes white silvery laminse separate 
out. If the addition of the potash be discontinued, as soon as the liquid 
begins to turn brown here and there, and the liquid be then set aside for 
a while, the crystals, together with the solution, may be decanted from 
the hydrate of potash at the bottom of the vessel, and thrown on a 
filter; they must then be left out of contact of air, till the liquid has 
run through, after which they may be washed with water, and dried in 
vacuo over oil of vitriol. The hypoacetylite of xylite and potash thus 
obtained, is greasy to the touch and very deliquescent. Its aqueous 
solution decomposes in the air, from formation of acetate of potash and 
separation of lignone. When distilled with dilute sulphuric acid, it 
yields acetic acid; it dissolves readily in anhydrous wood-spirit, but is 
nearly insoluble in anhydrous lignone. In the crystalline state, it con- 
tains 43*00 p.c. KO, 33*87 C, 4*92 H, and 18 21 0; it is therefore 
8KO, 18C, 15H, 70 = 3(K0,C"H30^^)H-(C=^H=0,CW0^1), that is to say, 
a double salt, in which 3 At. hypoacetylite of potash are united with 
1 At. hypoacetylite of methyl (=1 At. lignone=C®H‘’0^^). Lastly, since 
the liquid from which these crystals are deposited contains lignone, the 
equation for their formation must be : 

4C6H«0‘-i + 3(KO,HO) + 3(K0,C-iH30i-^) + 

(Weidmann & Schweizer.) 

If the quantity of potash-hydrate added to the lignone be larger 
than is required to form hypoacetylite of xylite and potash, this salt 
gradually dissolves, and the liquid acquires a browni colour, which 
increases with the quantity of potash, and the time during which it is 
left. Water added after some time, throws down a dark brown, oily 
mixture of mesite, xylitic naphtha., xylite-oil, and brown xylite-resin, 
which are formed one after the other in the order in which they are 
here enumerated. For, as the potash continually sets free more wood- 
spirit from the hypoacetylite of methyl (lignone), the hypoacetylite of 
potash is by that wood-spirit more and more completely dissolved. This 
salt, under the simultaneons influence of the free potash, then abstracts 
oxygen from the hypoacetylous acid of the free lignone, and is thereby 
converted into acetate of potash; and the [hypothetical] oxide of acetyl, 
C^H^O, produced by this reduction of the hypoacetylous acid, remains in 
combination with the methylic ether of the lignone, forming mesite (C®H®0*) : 

= K0,C^H303 + BCm^OK 
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The Biesito thus formed is then reduced by further quantities of acetylite 
of potash to xylitic naphtha. (Weidmann & Schweizer.) 

When lignone is distilled with potash-ley, wood-spirit passes over, 
and there remains acetate of potash, together with a small quantity of 
resin and oil, proceeding chiefly from the decomposition of the wood-spirit 
by the potash. (Weidmann & Schweizer.) 

IT According to Yolckel, also, the products obtained by treating 
lignone or xylite with excess of potash are xylitic naphtha, xylite-oii, 
and xylite-naphtha, the last chiefly when the air has access. To xylitic 
naphtha he assigns the formula and to the oil he sup- 

poses both to be formed from lignone by abstraction of water: 

Ci2H’-’0‘ = + HO = Cm^O + 3HO. f 

Potassium thrown upon lignone becomes so strongly heated, that 
the liquid, if not cooled, may take fire. At first, acetylite of potash 
separates out, without any evolution of gas; afterwards the liquid turns 
brown, and is ultimately converted into a thick black-brown mass, from 
which water separates a dark brown oilymixtureofmesi to, xylitic naphtha, 
xylite-oil, and xylite-resin, and dissolves a largo quantity of acetate of 
potash, a very small quantity of xylite resin, a very small quantity of an 
acid body [which precipitates lead and silver salts], and probably also 
wood-spirit. The potassium first takes oxygen from a portion of the 
lignone, whereby niesite and potash are produced; tlie potash thus formed 
decomposes another portion of the lignone, yielding liypoacetylite of 
potash and methylic ether; and the latter, finding no water with which 
to form methylic alcohol, combines with another portion of the potash, 
forming methylate of potash: 

+ 2K = K0,CiH30i^ + C-H3K03 + 4C«tU02. 

By the further action of the potassium, the mesite is reduced to xylitic 
naphtha, then to xylite-oil, and finally to xylite-resin. On the addition 
of water, the methylate of potash dissolves in the form of aqueous potash 
and wood-spirit. (Weidmann & Schweizer.) — Respecting the action of potas- 
sium on lignone, compare Lowig. (Pogg, 42, 404.) 

Comhinations. Lignone mixes in all proportions with Water. 

It dissolves small quantities of Phosphorus and Sidph%(/r; the solu- 
tions are colourless and become milky w^hen mixed with water. (Gm.) 
The phosphorus solution, kept in a closed vessel, does not form any acid 
containing phosphorus, as the solution of phosphorus in acetone does 
under similar circumstances. (Zeise.) 

Lignone dissolves a large quantity of Iodine, forming a dark brown 
solution. 

It does not dissolve Chloride of Calcium, but sinks into it, making it 
hot, and swelling it up to a white mass, which gives ofl‘ the lignone but 
slowly and incompletely at 100^. It may be mixed with a solution of 
chloride of calcium in wood-spirit; but ou adding more chloride of calcium 
and agitating, two layers of liquid are formed, the upper of which con- 
tains the greater part of the lignone. (Gm.) According to Liebig 
(Cliim. orgS) lignone dissolves chloride of calcium in all proportions, 
forming a kind of syrup. 

Lignone mixes in all proportions Alcohol and Ether; from the latter 

mixture water separates the ether, which then rises to the surface. (Gm.) 

Lignone mixes in all proportions with oil of turpentine; it dissolves very 
large quantities of camphor, spermaceti, and cholesterin, and a small 
quantity of olive-oil. It likewise dissolves colophony and shell-lac. (Gm.) 
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Addenda to Lignone. 

Trocliicls of the deoomfoeition of Lignone, Beiclienlaclds Mesite and 

Scanlanh Liquid. 

MethoL or 

Formed in the distillation of lignone, mesite, mesitene, xylitic naphtha, 
xylite-oil or xylite-resin, with oil of vitriol. 

One part of lignone is distilled with 1 pt. of oil of vitriol; the upper 
layer of the distillate containing methol together with sulphurous acid, 
sulphate of methyl, and mesitene, decanted off, shaken up with water and 
afterwards with weak potash, and subjected to fractional distillation, the 
first and last portions, which contain mesitene and sulphate of methyl, 
being set aside; this fractional distillation several times repeated till the 
distillate no longer smells of sulphate of methyl; and the distillate then 
Set aside in contact with chloride of calcium, and rectified over burnt lime. 

Thin, colourless liquid, lighter than water. Boils at about 175^ 
without any decomposition. Smells like oil of turpentine and has a 
burning taste. 

Weidm. & Schweizer. 

4 C 24 .. . 88*89 88*97 

3H 3 ... 11-11 11*02 


C-^HS 27 .... 100*00 99*99 

[The boiling point is more in accordance with the formula 

Methol may be kept without alteration in vessels containing air. It 
does not mix with oil of vitriol; but if the two liquids are stirred up toge- 
ther from time to time, the oil of vitriol blackens, ^sulphurous acid is given 
off, and the methol disappears altogether after a few days. If water be 
then added, three strata of liquid are formed: the lowest, which is nearly 
colourless, contains sulphurous, sulphuric, and sulphometholic acids. If 
therefore it be saturated with lime, the filtrate evaporated, the dry 
residue exhausted with alcohol, which leaves gypsum undissolved, and 
the alcohol evaporated, a white crystalline residue is left, consisting of 
sidphometkolate of lime, which, w^hen heated, first gives off methol, then 
blackens and evolves sulphurous acid; it contains 16*02 per cent, of 
lime, 38*45C, 4*90H, and 41*52 sulphuric acid, whence its formula is 
CaO,SO® + C^~H*^,SOl — The middle stratum of liquid is black and thick; 
the upper, yellowish. On distilling these two liquids, which cannot well 
he separated, with water, methol passes over, and there remains metliol- 
resin, which may be freed from the remaining portion of methol by 
alcohol, and then purified by dissolving in ether and evaporating the 
filtrate over the water-bath. M etliol-resin thus obtained is black, heavier 
than water, soffc, melts at a gentle heat, and dissolves in ether and lignone, 
but not in wood-spirit or alcohol. It contains 86*00 p.c. C, 9*57H, and 
4*43 0, and is therefore — When methol is distilled with oil of 

vitriol, part of it goes over undecomposed; sulphnrons acid is likewise 
evolved, together with a very small quantity of acetic acid, and there 
remains a carbonaceous mass. (Weidmann k Schweizer, X pr, Chem. 
23, 48.) 
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IT According to Volckel (Pogg. 84, 101,) the oily substance obtained 
by treating xylite (or lignone) with an equal weight of oil of yitriol, 
washing the product with potash, distilling off the nndecomposed lignone 
in the water-bath, and the residual liquid (the so-called methol) over the 
open fire, is a mixed oxygenated substance, whose boiling-point varies 
from 100° to 220°. By repeatedly agitating this liquid with strong 
sulphuric acid, a product was obtained, which after being washed with 
water, rectified with water, and dehydrated with chloride of calcium, 
formed a clear, colourless, inflammable liquid, having a peculiar odour, 
lighter than water, insoluble in water, but soluble in alcohol and ether. 
Its boiling point was variable, rising from 16ff^ to 220°; the specific 
gravity of the portion which passed over between 160° and 190° was 0*868; 
that of the remainder, from 190° to 220°, was 0*879; the composition of 
both portions corresponded to the formula C^H^. 

from 160° to 190°. from 190° to 220°. 

3C 18 .... 90-00 89-66 89*74 

2 H 2 .... 10-00 10 33 10*27 

cm- 20 .... 100-00 99*99 100-01 

The composition of this liquid is the same as that of the hydrocarbons separated by 
sulphuric acid from the volatile oils of wood-spirit. % 


Xylite-oil. 

Produced by the action of oil of vitriol, hydrate of potash, or potas- 
sium on lignone, mesite, or xylitic naphtha, and by that of oil of vitriol 
or hydrate of potash on mesitene. Its formation from lignone, mesite, or 
inesitene is always preceded by that of xylitic naphtha. — The same oil 
is produced in the decomposition of acetone by potassium, hydrate of 
potash, or quick lime (p. 15). 

Hydrate of potash in large excess is left to act for some time on 
lignone; water then added; the oily mixture of xylite-oil and xylite-resin 
which separates, distilled with water, the resin then remaining behind; and 
the xylite oil which has passed over, several times rectified alone, the 
portion collected below 200°, which may contain xylitic naphtha, being 
each time set aside. 

Colourless oil, lighter than water; boils above 200°, and passes over 
nndecomposed. Has a peculiar odoui*, and a bitter burning taste. 





Weidmann & Schweizer. 

Lowig. 



» 

a. 

h. 

c. 

12 C 

72 . 

... 80-90 . 

81-38 .... 

. 80-47 .. .. 

... 80*94 

9 H 

9 . 

... 10-11 . 

10-36 .... 

. 10*42 ... . 

... 10*27 

0 

8 . 

... 8-99 . 

8*26 . 

, 9*11 

... 8*79 

C12H90 

89 . 

.. 100-00 

100*00 .... 

100*00 

... 100-00 


a was obtained from lignone by oil of vitriol, b by hydrate of potash, and c by 
potassium. 

The oil burns with a bright, sooty flame. — Exposed for some time 
to the air at temperatures between 50“ and 80°, it is wholly converted 
into brown xylite-resin: 


+ o =■ 
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It mixes in all proportions with oil of v-itriol, eyolving sulphurous acid, 
and forming a dark brown liquid, from which water, added after a while, 
separates a dark brown oily mixture of xylite-oil and xylite-resin, and 
dissolves sulphuric and sulphurous acid, together with traces of acetic acid 
and xylite-resin. Hence it appears that the action of oil of vitriol on this 
body is almost entirely an oxidizing action. — Xylite-oil distilled with 
oil of vitriol yields sulphurous acid, acetic acid, and methol, and leaves 
a carbonaceous mass. — Hydrate of potash makes xylite-oil hot and turns 
it first brown, then black, and gradually converts it, with formation of 
acetate of potash and a resin, into a mass having the hardness of stone. 
— Potassium acts but feebly on it even when heated, and slowly dissolves 
in the oil without evolution of gas, the oil at the same time becoming 
brown and viscid. Water then added to it dissolves the acetate of potash 
previously formed, and separates a brown oily mixture of xylite-oil and 
a resin having the same composition as that which is formed by the action 
of hydrate of potash. It contains 82-82 p.c. 0,10*2] H, and 6*970; 
hence its formula is 

Xylite-oil is nearly insoluble in water, but dissolves readily in wood- 
spirit, ether, alcohol, and lignone. (Weidmann & Schweizer, J. pr. Chem. 
23, 42.) 


Brown Xylite-resin. 

Formed by the action of oil of vitriol, hydrate of potash, or potassium 
on lignone, mesite or xylitic naphtha, and of oil of vitriol or hydrate of 
potash upon mesitene, its formation being always preceded by that of 
xylitic naphtha. This resin is also formed when xylite-oil is oxidized, 
either by oil of vitriol or by exposure to the air; also in the decompo- 
sition of acetone by potassium or hydrate of potash (p. 15). 

Hydrate of potash is allowed to act in excess on anhydrous lignone, 
till the mixture becomes brown, whereupon water is added to it. (If the 
action be sujBfered to go on too long, the xylite-oil produced at the same 
time is converted by the potash into another resin (vid. sup.) which is 
difficult to separate from brown xylite-resin.) The oily mixture separated 
by tbe addition of water is distilled, with frequent renewal of the water, 
as long as xylite-oil passes over with the distillate; the residue is then 
dissolved in alcohol ; the solution evaporated in the water-bath ; and the 
fused residue left there for some time longer. 

Eed-hrown; heavier than water; brittle at temperatures below 150^^; 
soft and tenacious between 15*^ and 20'^; melts below 100°. Its aqueous 
solution has an acid reaction. 

"WeidxTiiann& Schweizer. 

Broivn Xylite-rmn. Yellow Xyltie^resin, 


24 C 

.. 144 . 

... 77*42 

78*85 

80*12 

18 H 

.. 18 . 

... 9-68 

9*53 

10*04 

3 0 

24 . 

... 12*90 

11*62 

9*84 

C24|il803 

.. 186 . 

... 100*00 

..... 100*00 

100*00 


Dissolves in oil of vitriol in nearly all proportions, causing rise of 
temperature and evolution of sulphurous acid, and forming a black greasy 
mass. If this mass be treated with water after some time, the water 
separates a resinous mixture and takes up sulphuric and sulphurous acids, 
together with traces of acetic acid and a resin; from the resinous mixture, 

TOL. IX. E 
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alcoliol of 70 per cent dissolves out unaltered brown xylite-resin, leaving 
a brown pulverulent resin wliicli does not soften at 100"^, but fuses at a 
stronger beat into a black mass. It contains 83*27 p.c. C, 9*38 H, and 
7‘35 0; lienee its formula is — Brown xylite-resin distilled with 

oil of vitriol yields sulphurous acid, acetic acid, a small quantity of 
metliol, and a black residue. 

Brown xylitc-rcsin does not dissolve in water and potash-ley, but 
readily in alcohol, ether, and lignone; the alcoholic solution does not 
precipitate neutral acetate of lead. (Weidmann & Schweizer, J. pr, 
Ohem, 23, 45.) 


Yellow Xylite-resin. 

Produced by the action of oil of vitriol upon lignone, niesite, and 
xylitic naphtha, probably by a^catalytic action on the isomeric brown 
xylite-resin first produced. 

The oil which separates on adding water after the decomposition of 
lignone by oil of vitriol, is distilled with water; the residual mixture of 
yellow and brown xylite-resin dissolved in strong alcohol; the solution 
mixed with alcohol of 70 per cent, which precipitates the yellow resin; 
and the precipitate freed from the brown resin thrown down at the same 
time, by repeated washing with strong alcohol and precipitation with 
weak alcohol. It is then melted for some time on the water-bath [sic f\ , 

The resin is reddish yellow, brittle, and does not become soft by 
friction like the brown resin. Its melting point is much above 100*^ 
[sic ^]. 

For the analysis, which perhaps shows it to he isomeric with the brown resin,’ 
md. p. 49. 

Yellow xylite-resin behaves with oil of vitriol like the brown resin. 
It does not dissolve in water or potash-ley. It is nearly insoluble in 
weak spirit, but dissolves in strong alcohol and in ether, forming a yellow 
solution. Its alcoholic solution does not precipitate an alcoholic solution 
of acetate of lead; ammonia added to the solution throws down yellow 
flakes. (Weidmann & Schweizer, J. pr. Chem. 23, 47.) 


Xylitic Naphtha. 

Produced by the action of oil of vitriol, potash, or potassium on 
lignone, mesite, or mesiteno. 

A small quantity of hydrate of potash is placed for some time in 
contact with lignone; water added; the oily mixture of xylitic naphtha, 
mesite, xylite-oil and xylite-resin separated from the watery solution; 
the distillate rectified alone, whereupon the xylitic naphtha passes over 
chiefly between 100° and 120°; and this product rectified several times 
to free it from the remaining portion of mesite and xylite-oil, the portion 
which passes over between 100° and 120° being always collected apart 
till it exhibits a tolerably constant boiling point of 110°. 

Colourless, mobile liquid, lighter than water, boiling at 110°, and 
capable of being distilled without decomposition. Smells like oil of 
peppermint, and has a burning taste. 
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Weidm. & Scliw. Lowig, 

6 C 36 .... 66*67 66*82 66*64 

6 H 6 .... 1111 11*08 10*23 

Ji O 12 .. . 22*22 22*10 23*13 

54 .... 100*00 100 *00 100 00 

The naphitlia analyzed by Lowig was obtained by treating liguone 
with potassium. — Xylitic naphtha is regarded as methylic ether + oxide 
of acetyl =. C^H^O -j- — Volckel assigns to xylitic n*aphtha the 
formula and supposes it to be formed from xylite by abstraction 

of water. 

This limpid burns with a smoky flame. Mixed with oil of yitriol, it 
turns brown and thickens; water then separates from it an oil consisting 
of xylitic naphtha, xylite-oil, and yellow and brown xylite-resin. The 
aqueous solution contains acetic acid, sulphoniethylic acid, and a trace of 
resin. — When xylitic naphtha is distilled with oil of vitriol, sulphurous 
acid, acetic acid, mesitene, and methol distil over, leaving a carbonaceous 
residue. — Hydrate of potash in excess forms with xylitic naphtha a 
black-brown mass from which water separates a viscid mixture of xylite- 
resin and xylite-oil, and takes up acetic acid, together with a small 
quantity of wood-spirit. — Potassium acts violently on xylitic naphtha, 
but without evolution of gas, forming a black-brown viscid mixture 
containing the same products as that which is obtained by the action 
of hydrate of potash. [For the complicated equations given for these reactions, 
vid. J, pr. Ohem. 23, 37 to 39]. 

Xylitic naphtha dissolves very sparingly in water, but readily in 
alcohol, ether, and lignone. (Weidmann <fc Schweizer, J, pr. Gkem. 
23, 35.) 


Weidmann & Scliweizer’s Mesite. C®H''02=C12 ui2Q4^ 

This mesite dijffers from Eeichenbach’s. It occurs, in small quantity 
only, in wood- vinegar; it is formed by the action of oil of vitriol, potash, 
or potassium on lignone, and by the action of oil of vitriol or potash 
upon mesitene. 

JBreparation. 1. After lignone has been separated from wood-spirit 
by distillation over cbloxude of calcium (VII, 259), there still remains 
with it a certain portion of mesite, which, by reason of its small quantity, 
cannot be separated by water. The greater part of the lignone is there- 
fore distilled from this mixture, till the liquid which passes over becomes 
turbid on the addition of water; the residue in the retort, consisting 
chiefly of mesite, freed from lignone by repeated agitation with water; 
then distilled over the water-bath, with change of receiver, because the 
portion which first passes over may still contain lignone; and the pure 
mesite which passes over towards the end of the process, finally dehy- 
drated by distillation over chloride of calcium. 

2. Lignone is placed in contact with hydrate of potash (not in 
too great quantity) till it begins to turn brown; ,mixed after a while 
with water ; the oily liquid which separates, distilled, xjlite-resiu then 
remaining behind; the distillate, consisting of mesite, xylitic naphtha, 
and xylite-oil, rectified; and the mesite, which passes over till the tem- 
perature rises to 80*^, collected apart, and purified by several distillations, 
the last portions of distillate being ^ways set aside. 
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Properties. Colourless, mobile liquid, lighter than water. Boils 
soBicwliat above 70"^. Yapour-deusity 2*833 to 2*852 [wliicli does not 
agree with the assumed formula]. Has a pleasant ethereal odour and a 
burning taste. 

Weidmann. & Schweizer. 


6C 

36 

... 62-07 .... 

(1) 

G2-31 

(2) 

... 62-26 

6 H 

G 

... 10*34 .... 

10-57 .. 

... 10-65 

2 0 

16 . 

... 27*59 ... 

27*12 . 

... 27*09 

C«H«02 

58 . 

... 100 00 ... 

100*00 . 

... 100-00 


If Yolclcel also finds tliat mesite is isomeric witli acetone and xylite. The less 
volatile portions of the liquid obtained by treating crude wood-spirit with chloride of 
calcium (p. 43), he finds to contain decomposition-products formed from xylite by 
abstraction of water. ^ 

Mesite burns with a bright but sooty flame. — It mixes with oil of 
vitriol, producing great evolution of heat. Water added after awhile 
to the dark brown mixture, takes up sulphomethylic and acetic acid, and 
leaves a thick brown oil, consisting of uiidecomposcd mesite, xylitic 
naphtha, xylite-oii, and brown and yellow xylite-resin. Mesite distilled 
with oil of vitriol continually gives off sulphurous acid, and like lig- 
none, yields first mesitene, then methol and acetic acid, and leaves a 
carbonaceous residue. — Hydrate of potash, in contact with mesite, 
immediately separates a potash-salt, which yields acetic acid when dis- 
tilled with sulphuric acid; soon, however, it undergoes further decom- 
position, and yields xylitic naphtha, xylite-oil, and xylite-resin. [The 
equations should be looked to.] 

Mesite requires 3 pts. of water to dissolve it. (Weidmann <fe Schweizcr, 
tZ pr. Chem, 23, 29.) 


Mesitene. 

Produced by distilling lignone, mesite, or xylitic naphtha with oil of 
vitriol. Dry lignone thus treated yields but a small quantity of mesitene, 
because the greater part of it is soon converted into sulphomethylic acid, 
and thereby escapes oxidation; but hydrated lignone, which is not so 
readily converted into suli)homethylic acid, yields a largo quantity of 
mesitene. 

Equal parts of lignone and oil of vitriol are distilled with a small 
quantity of water, and the receiver changed as soon as the distillate 
begins to separate into two layers, because from that time, the quantity 
of mesitene which passes over is but small, its place being taken by 
methol and acetic acid. The first distillate, which consists of mesitene 
and admixed lignone, is shaken up with chloride of calcium, which 
dissolves in the lignone; the mesitene which floats on the surface, taken 
off; freed from the remaining portion of lignone by repeated agitation 
with a small quantity of water; and distilled, first over chloride of cal- 
cium and then over quick lime, the last portion of the distillate, which 
may contain methol, being each time set aside. 

Colourless, mobile liquid, of sp. gr. 0*805; boils constantly at 63°. 
Vapour-density 2*873. Has a pleasant, ethereal odour. 



8 C .. 
6 H... 
3 O . 
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w. & s. 

36 .... 54-55 ... 54-87 

G .... 9-09 9-14 

24 .. 36*36 35*99 


66 .... 100*00 100-00 


Tbis compound may be regarded as acetylite [=aldeliydate] of metliyl 
= — [According to the formula the calculated 

■vapour-density vould be 3*0505; but according to the formula 
the calculated density differs still more widely from that found by expe- 
riment, requiring therefore the hypothesis of an unusual mode of con- 
densation]. — T. According to Volckel (An??. Pharm. 80, 311) Weid- 
mann & Schweizer’s mesitene is a mixture of pure xylite (p. 43) with 
acetate of methyl. ^ 

Mesitene burns with a bright but smoky flame. Mixed with oil of vitriol, 
it becomes strongly heated and assumes a brown colour, light at first, 
but becoming gradually darker. Water added to the mixture after some 
time separates an oil consisting of mesitene, xylitic naphtha, xylite-oil, 
and xylite-resin, and takes up acetic and sulphomethylic acid. — Mesitene 
distilled with an equal quantity of oil of vitriol, passes over undecomposed 
at first, and then yields sulphurous acid, acetic acid, and methol. — When 
it is distilled with excess of oil of vitriol, only a small quantity of methol 
is obtained, the product consisting almost wholly of sulphurous and 
acetic acid. — Distilled with oil of vitriol and acid oxalate of potash, it 
does not yield oxalate of methyl. — Hydrate of potash in excess forms 
with mesitene a gelatinous mass which gradually turns brown. Water, 
added after some time, takes up, besides free potash, a large quantity of a 
potash-salt which yields acetic acid by distillation with sulphuric acid, 
and is therefore acetylite of potash, whilst a mixture of mesite, xylitic 
naphtha, xylite-oil, and xylite- resin remains behind. — Potassium in 
contact with mesitene produces great heat but no evolution of gas, and 
immediately separates a white salt, which yields acetic acid by distilla- 
tion with sulphuric acid, and must be regarded as acetylite of potash 
(KO,C^H^O^^); it dissolves on addition of water, a colourless oily mixture 
of mesitene and xylitic naphtha separating at the same time, [The equa- 
tions for these decompositions should be looked to.] 

Mesitene dissolves in 3 parts of water (Weidmann & Schweizer, 
J, jp?\ Ghmi. 23, 30) . 


Eeichenbacli’s Mesite. 

Produced in all dry distillations, and therefore occurs in beech, coal, 
and animal tar. (But the empyreumatic oil obtained from hemp-oil does 
not contain anything soluble in water which behaves like mesite. Hess, 
Pogg. 38, 384.) 

Preparation, 600 kilogrammes of beech- tar are distilled at a very 
gentle heat, till only the most volatile portion has passed over; this por- 
tion consists of about 20 litres of light, pale yellow oil and a watery 
liquid, which, at certain stages of the distillation mix together agaiA 
through the medium of the mesite. The whole distillate is neutralized 
with carbonate of potash and rectified over the oil-hath, as long as oil 
continues to pass over; and the pale yellow oil is freed from the small 
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quantity of watery liquid wlncli lias passed over with it, and distilled in 
the water-bath over a large quantity of slaked lime, which retains 
creosote, picaniar, and a yellow colouring principle. If this distillate 
becomes gradually yellow by exposure to the air, it must be once more 
distilled over lime, after which it will remain unaltered. Lastly, to 
separate the eupione, the distillate is briskly agitated with 15 times its 
bulk of water; the aqueous solution of the mesite separated from the 
undissolved eupione, which floats on the top; the former distilled in a 
gently heated water-bath, the distillation being stopped as soon as the 
water in the both begins to boil; and the mesite which has passed over, 
purified from water and wood-spirit by repeated distillation over chloride 
of calcium. 

Transparent, colourless, very mobile liquid, of sp. gr. 0*805; boils at 
62°; has a pleasant aromatic and spirituous odour, and a slightly burning 
taste. 

f Mesite burns with a clear whitish yellow flame somewhat bluish 
below, and without smoke. — It absorbs chlorine gas with moderate rise 
of temperature, acquiring after a wdiile, a very powerful odoim which 
excites tears. It dissolves bromine, with heat and decoloration. Mixed 
with strong nitric acid, it intumesces strongly after a while; and with oil 
of vitriol it becomes heated to sudden ebullition, but without yielding an 
ether; water then added to the mixture separates oils having the odour 
of 005*06 and of strawberries. 

Mesite is sometimes in a condition to take up ^ pt- of water, some- 
times to dissolve in 2 pts. of water. The solution of phosphorus in mesite 
does not shine in the air. Mesite dissolves sulphur and large quantities 
of iodine. It mixes in all propo rations with sulphide of carhon. Dissolves 
boracic acid when heated. Mixes with dilute ammonia and potash, but 
not with strong potash, and is not decomposed thereby. Dissolves uranic 
nitrate and chloroaurate of sodium, but not chloride of calcium. Mixes 
in all proportions with ether, alcohol, volatile and fixed oils, and dissolves 
many camphors, fats, resins and organic acids (Reich enbach, Scho, 69, 
176; ahstr. jhin. Pharm, 10, 298). 

According to Berzelius, Reichenbacli’s mesite is acetate of methyl; in 
that case, there must be a lighter liquid mixed with it; for the sp. gr. of 
acetate of methyl is 0*909; that of Reich en bach’s mesite 0 805 — Compare 
also Liebig {Anu. Fharm. 10, 315). 


Scanlan’s Liquid. 

Crude ■wood- vinegar is distilled till 15 per cent has passed over; the 
residue neutralized with lime; the pitch which is thereby separated, 
taken off; the liquid distilled as long as the distillate continues to bo 
lighter than water; and this distillate repeatedly rectified. A strongly 
coloured liquid of sp. gr. 0*9 then passes over first, afterwards a liquid of 
sp. gr. 0*83, then water and an empyreumatic oil which blackens by 
keeping. The first and most volatile liquid, of sp. gr. 0*9, is collected 
apart, decolorized by animal charcoal, and rectified over the water-bath. 

The liquid thus obtained is colourless; has a density of 0*911; boils 
at 55*6°; has a strong and repulsive odour; reddens litmus only when 
exposed to the air; is highly combustible; is immediately decomposed by 
potash or lime, with formation of an acetate of the alkali; and mixes 
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with, water in all proportions, tlie combination being attended with rise of 
temperature and condensation (Scanlanj P/iil. Mag. J. 7. S95; also 
J. pr. Gliem. 7. 97). 


^ Volatile Oils, produced hy the distillation of JFood. 

These oils form the first portion of the liquid which passes over in the 
distillation of wood-tar; they are lighter than water. The crude oil is 
yellowish, and turns brown by keeping. It was distilled first with water 
and then alone. In the latter distillation, the boiling point rose from 
75'^ to 205°. By treating the distillates with alcoholic potash-solution or 
distilling them over solid caustic potash, then washing, drying, and again 
subjecting them to fractional distillation, a large number of colourless liquids 
were obtained, of different but not constant boiling points; these liquids 
were mixtures which could not be separated into their component parts — 
The portion which distilled over between 105° and 110° had a density of 
0*81:1 and contained about 78*2 p.c. carbon and 8*9 hydrogen; that which 
passed over between 190° and 205° had a density of 0*877, and contained 
85*9 p.c. carbon and 9*7 hydrogen : the properties and composition of the 
other liquids lay between these limits. In general the atomic proportion of 
tliejcarbon and hydrogen was the same in them all, viz. 3C to 2H, the amount 
of oxygen decreased as the boiling point rose. The oils which distilled over 
between 1G0° and 205° were much less powerfully attacked by sulphuric 
and nitric acid than those which boiled at lower temperatures. — When 
the oils having the higher boiling points were agitated with sulphuric acid, 
there remained an oily liquid, which, after being washed and distilled with 
water, was colourless and mobile. Its boiling point rose from 155° to 
205°; the densities of the various portions which passed over at different 
temperatures between these limits ranged from 0*864 to 0*881; but in 
composition they were nearly identical, the proportion of carbon varying 
only from 89*60 to 89*99, and that of hydi’ogen from 9*99 to 10*25, 
numbers which accord very nearly with the formula — From these 
facts, Yolckel infers that the light oils obtained in the distillation of 
wood, are all either hydrocarbons having the composition C^H^, or com- 
pounds of these hydrocarbons with oxygen. Of the same composition is 
likewise the less volatile portion of the empyreumatic oil which separates 
out on saturating wood-vinegar with lime — that portion, namely, which 
boils above 100°. — Oils of the same composition are also obtained hy 
distilling lignone with oil of vitriol, pp. 44, 45: (Volckel, Pogg. 82, 
496 j abstr. An? 2 . Pharm. 80, 306; Jahresher, 1851, 524), 

Volatile Oils obtained from crude 'Wood-spirit. When crude wood- 
spirit is mixed with water, a pale yellow oily liquid rises to the surface. 
The boiling point of this liquid rises gradually from 90° to 200°, and it 
does not appear to be separable into its component parts by fractional 
distillation. When shaken up with oil of vitriol, it yields a brown-red 
viscid mass, above which floats a transparent, aromatic liquid. This 
liquid, after being washed with alkaline water, dried over fused chloride 
of calcium, and distilled over anhydrous phosphoric acid, still exhibits a 
boiling point varying from 108° to 170°; the largest portions however, 
consisting of hydrocarbons, pass over between certain small ranges of 
temperature, viz. from 108° to 112°; from 128° to 130°; from 145° to 
148°; and from 164° to 168°. — The portion which distils over between 
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108 and 112° consists of toluol from 128° to 1S0°, of xylol, 

and from 145° to 148°, of cumol, wldcli is isomeric witli mesitilol. 

The portion of tlie distillate obtained between 164° and 168° bas tbe 
same composition and vapour-density as cuiiiol or mesitilol, but is not 
identical witli eitlier. Some samples of commercial wood-spirit also yield 
a more volatile oily liquid, wbicb boils from 58° to 100°, and is cliiefly a 
mixture of mctliylic acetate with Fremy’s metacetone, (Caliours, 

rend. 30, 319, Gkem, Soe. Qii. 3, \ Jahre^her, 1850,491). IT 


Conjugated Compounds containing Ammo7iia, 

K ] 

t Ethylamine. H In. 

C^H^l 


WuRTZ. Gompt. mid 28, 223 and 323; Ann. Tliarm. 71, 930; Gliem. 
^oc. Qu. J. 3, 90. — More fully: W. Ann. Ghim. Fhys. SO, 443. 
(Fid also authorities cited VII, 313.) 

Mthylamide, EtkyUammonia, Ethylia, Ethamine, Ethyliaque, Aetfiyliak. — 
Pound m the oleum anhnale Dlppelii, (Anderson.) 

Format iooi. 1 . By the action of potash on cyanate or cyanurate of 
ethyl (Wurtz) : 

C2N0,C^H50 + 2(KO,HO) = 2(K0,C02) + CUFN. 

2. By the action of potash on ethyl-urea (Wurtz): 

CWN-02 + 2(KO,tIO) = 2(KO,CO-) -h NLP + CTFN. 

3. By the action of bromide or iodide of ethyl on ammonia (Wurtz, 
Hofmann) : 

NH3 + - CWN,HBr. 

4. By the action of chloride or iodide of ammonium on alcohol or ether. 
When sal-ammoniac is heated with absolute alcohol in sealed tubes, ether 
is formed, its production beginning at 260°; and at 400°, when the decom- 
position of the alcohol is nearly complete, the liquid separates into an 
ethereal and a watery stratum, the latter containing the hydrochlorates 
of certain ethyl-bases, the most abundant of which is ethylamine: 

+ NIPJLCl = CWN,HC1 + HO. 

Iodide of ammonium acts in a similar manner (Bcrthclot, W. Ann, 
Ghim. Fhys. 38, 63). — 5. By the decomposition of sulphcthamic acid 
4SO®, under the influence of acids or alkalis, whereby that 
compound is resolved into ethylamine, sulphuric acid, and probably also 
alcohol and iscthionic acid (Strecker, Ann. Pharm. 75, 50) : 

Ci«IP3N0h4S03 + 4H0 = + 2(H0,S03) + 2C^H«02 + C4HW,2SOh 

6. Sulphide of aldehyde-ammonia heated with lime is resolved into 
sulphuric acid and ethylamine (Gossmann, Ann. Pharm. 91, 122) : 
CH402,NIP,2S02 = 2803 + C^H^N. 

Preparation. 1. By decomposing cyanic ether with potash. The 
action takes place at ordinary temperatures and is attended with great 
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evolution of heat; hence it is best to mix the liquids in a bottle having a 
well ground stopper, which must be tightly secured, and to cool the bottle 
externally* The decomposition is complete in about five minutes, the 
vessel then containing nothing but ethylamine and carbonate of potash. 
The liquid is then distilled, and the vapour of ethylamine passed into a 
receiver containing a little water and cooled externally. To obtain the 
anhydrous base, the aqueous solution thus formed is saturated with 
hydrochloric acid; and the hydrochlorate of ethylamine crystallized by 
evaporation, thoroughly dried, and gently heated with twice its weight of 
quick lime in a long glass tube, closed at one end, the mixture occupying 
the lower half of the tube, while the upper half is filled with fragments of 
caustic potash to dry the vapour of ethylamine as it is evolved. The dry 
vapour then passes through a delivery-tube into a small flask or U-tube 
surrounded with a freezing mixture, and is there condensed to a liquid. 
(Wurtz.) — 2. By the action of ammonia on bromide or iodide of ethyl. 
— a. Strong ammonia is enclosed together with excess of bromide of 
ethyl in a combustion-tube two teet long, and the sealed tube immersed 
in boiling water. Decomposition takes place quickly, with ebullition, 
and is complete in about a quarter of an hour, its completion being indi- 
cated by the volume of the bromide of ethyl remaining constant instead 
of diminishing. The tube then contains hydrobromate of ethylamine, 
from which the base may be obtained by distillation with potash or lime. 
(Hofmann, Chem. Soc. Qu. J. S; 300.) — h. Iodide (or bromide) of ethyl 
is mixed with an equal volume of absolute alcohol, the mixture kept in a 
state of gentle ebullition in a tubulated retort the neck of which is 
directed upwards and well cooled, and dry ammoniacal gas passed into 
it for a considerable time. After cooling it is again treated with ammo- 
niacal gas and then left to stand for some days, to complete the conver- 
sion of the iodide of ethyl into hydriodate of ethylamine, the completion 
of the change being known by the liquid no longer becoming turbid when 
mixed with water. The solution is evaporated to dryness over the 
water-bath, and the saline mass gently heated with strong solution of 
potash in a small flask or retort. Vapour of ethylamine is then evolved 
and may be either passed into water, or dried by passing it over hydrate 
of potash and condensed in a tube surrounded with ice and salt. (Wohler, 
A7171. JBharm. 86, 374.) — 3. By decomposing sulphethamic acid with 
potash. Vapour of anhydrous sulphuric acid is passed into ether, the 
product (crude sulphuric ether, VIII, 413,) freed from ether by agitation 
with water, and a stream of ammoniacal gas passed through it. The 
resulting sulphethamate of ammonia is boiled with carbonate of lead or 
baryta till all the ammonia is expelled; potash^ then added; and the 
ethylamine wdiich is set free by the decomposition of the sulphethamic 
acid, distilled off as above. (Strecker.) — 4. By distilling sulphite of 
aldehyde-ammonia with lime (Gussmann : for details, vid. Ann. Fliarm, 
91, 122). 

Properties. Anhydrous ethylamine is a transparent, colourless, very 
mobile liquid, of specific gravity 0‘6964 at 8°. Does not solidify at the 
temperature of a mixture of solid carbonic acid and ether. Boils at 18'7°. 
(Wurtz.) Vapour density at 43" and under a pressure of 773*04 mm.=: 
i’5767. (Izarn.) Has a very pungent ammoniacal odour, a strong alkaline 
reaction, and is highly caustic, a small drop of the concentrated aqueous 
solution placed upon the tongue producing a burning pain and acute 
inflammation. Forms very dense white fumes with hydrochloric acid 
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gas, and makes a kissing noise when strong kydrockloric acid is dropt 
into it. (Wurtz.) 





Wurtz, 


VoL 

Density. 

4 C 

24 . 

... 53-33 . 

... 53*61 

C- vapour 

... 4 .. 

.. 1*6640 

7 H 

7 . 

... 15*55 . 

... 15*60 

H-gas 

... 7 .. 

... 0*4851 

N 

14 . 

... 31*12 . 

... 31*45 

N-gas 

... 1 .. 

.. 0-9706 

C‘WN 

45 . 

... 100*00 . 

... 100*66 


2 .. 

1 .. 

.. 3-1197 
... 1-5598 


May be regarded: (1) as L e, as a compound of 2H witk 

a nucleus C^H®, in Tvkicli IH is replaced by N; — (2), as C^H®Ad, i. e. 
as tke same nucleus in wbick IH is replaced by Ad ; — (3), as C^H^Ad,H^ 
i. e, as a compound of 2H with ethylene, C^H^, in which iH is replaced 
by Ad; — (4), as i.e. as ammonia coupled with ethylene; or 

lastly, as H >N, i, e, as ammonia in which ll! is replaced bv ethyl. 

C*H®J 

(Compare VII, 16, 17 and 186). 

Decom 2 :)ositions. 1. Ethylamine vapour passed through a red hot 
porcelain tube is resolved into ammonia, hydrocyanic acid, hydrogen, and 
a small quantity of a compound of hydrogen and carbon. — 2. On the 
approach of a burning body, it takes fire and burns with a yellowish 
flame. — 3. lodme decomposes the aqueous solution of ethylamine, form- 
ing hydrio date of ethylamine, and a substitution product, hiniodethylamme, 
which cannot be distilled without decomposition: 

2C‘‘H7N + 41 = HI + CWN,HI + C'^(HH2)N. 

Bromine and Chlorine produce similar reactions. (Wurtz.) — 4. When a 
crystal of nit7'ate of potash is introduced into a solution of hydrochlorate 
of ethylamine acidulated with hydrochloric acid, nitrous ether is evolved 
in considerable quantity, and if set on fire at the mouth of the tube, burns 
with a flame coloured light-green at the edges ; 

+ 2N03 = C-itUO,N03 + 2HO + 2N. 

At the same time, a small quantity of yellow aromatic oil is produced, 
having a sweet, biting taste, and a high boiling point. (Hofmann, Ghem. 
Soc. Qii. J. 3, 131.) — 3. Oil of micstard forms with ethylamine an oily 
base called Thiosinethylamine^ having the composition 
(Hinterberger, Ann. Pharm. 83, 346.) 

Comhinations. 1. Ethylamine mixes with Water in all proportions, 
the act of mixing being attended with evolution of heat. The solution 
has a certain degree of viscidity which distinguishes it from aqueous 
ammonia; the whole of the ethylamine may be expelled by continued 
boiling. 

2. Ethylamine has a powerful affinity for Acids, neutralizing them as 
completely as ammonia: it expels ammonia from ammoniacal salts. 
When a mixture of ethylamine and ammonia is mixed with half the 
quantity of sulphuric acid required to nexitralize it and distilled, ammonia 
is given oflT, and the residue consists of sulphate of ethylamine containing 
mere traces of ammonia. — Ethylamine precipitates metallic salts nearly 
in the same manner as methylamine (VII, 315); hydrated oxide of 
copper is however Jess soluble in ethylamine than in methylamine. With 
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salts of alumina it forms a white gelatinous precipitate which dissolves iu 
excess of ethylamine as easily as in potash. (Wurtz.) 

The ethylamine-salts may be supposed to contain a metalloidal radical 
ethylmm analogous to ammonium: thus hydrochlorate of ethyla-- 

mne=C^^H^N,HCl=:C^^H®N^Cl=cAZorwf6 of ethyliim, 

Carlonate of JEthylamine, — a. Anhydrous, Anhydrous ethylamine 
absorbs dry carbonic acid gas, forming a snow-white pulverulent mass, 
soluble in water. The solution does not precipitate chloride of barium 
immediately, but only after a while, and with the aid of heat. 
(Wurtz.) 

"Wurtz. 


5 C 

30 . 

... 44-77 .... 

.... 44*37 

7 H 

7 . 

.. 10*44 .... 

.... 10*65 

N 

14 . 

... 20-89 


2 0 

16 . 

... 23-90 




67 

... 100-00 



Analogous to anhydrous carbonate of metbylamine ("VII, 316), and to Rose’s carlonate 
of ammon (II, 430). 

h. Hydrated. A mixture of hydrochlorate of ethylamine and car- 
bonate of soda, both thoroughly dry, distilled in a small retort, gave off 
white vapours, which condensed to a white 'powder; afterwards, thin 
streams of liquid ran down the neck of the retort, and solidified in 
the receiver to a crystalline mass saturated with a very thick liquid. 
The crystals were rapidly pressed between folds of paper to free them 
from the liquid, but did not yield definite results when analyzed. — This 
salt is strongly alkaline, has an ammoniacal odour, and even at ordinary 
temperatures gives off vapours which turn red litmus paper blue. Very 
deliquescent. Dissolves the hydrated carbonates of zinc and copper. 
(Wurtz.) 

Sulphate of Ethylamine. Deliquescent; uncrystallizable; very soluble 
in alcohol; dries up in vacuo to a transparent gummy mass. (Wurtz.) 

Hydrosidphate of Ethylamine. Obtained in colourless crystals by 
passing diy sulphuretted hydrogen gas into a flask containing anhydrous 
ethylamine, surrounded with ice and previously filled with hydrogen. — 
Very fusible and volatile. The melted salt solidifies on cooling, in beau- 
tiful crystals, the form of which appears to be a rhombic prism with 
rectangular base and terminated by four-sided summits. The vapour is 
inflammable. The salt, when exposed to the air, turns yellow, absorbs 
moisture, and liquefies in yellow drops. Its solution dissolves hydrated 
sulphide of antimony, forming a colourless liquid, which when evaporated 
deposits an orange-coloured powder. (Wurtz.) 

Hydriodaie of Ethylamine. Formed: 1. By the direct combination 
of ethylamine and hydriodic acid. (Wurtz.) — - 2. By the action of iodine 
on aqueous ethylamine (Wurtz, p. 58). — 3. By the action of iodide of 
ammonium on alcohol or ether (Berthelot, p. 56). — 4. By the action 
of ammonia on iodide of ethyl (Wohler). — For the preparation by 
the last method, see page 57. — Crystalline. Gives off ethylamine when 
distilled with lime or potash, 

Hydrohromate of Ethylamine. Similar to the hjdriodate. 
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Hydrochlorate of Eiliylamine or Chloride of Etliylium, — Formation 
similar to that of tlie hjdriodate. — Prepared by saturating with hydro- 
chloric acid the aqueous solution of ethylamine^ which is obtained by 
distilling cyanic acid with potash (p. 54). On evaporating to dryness^ 
dissolving the residue in strong boiling alcohol, and cooling the solution, 
the salt is deposited in large crystalline laminae. From the aqueous 
solution it crystallizes in striated prisms. Fuses between 76° and 80°, 
and solidifies on cooling in a semitransparent, crystalline mass. Gives 
off vapours at a higher temperature; boils between 315° and 320°; and if 
then left to cool, solidifies in a milk-white, amorphous mass, whose 
melting point is above 260°. The crystals are very deliquescent. On 
treating the aqueous solution with amalgam of potassium, hydrogen is 
given off and a solution of ethjlamine formed, (Wurtz.) 

Wurtz. 


4 C 

.... 24-0 . 

... 29*44 .... 

. .. 28*93 .. 

.. 29*52 

8 H 

.... 8-0 . 

... 9-81 .... 

.... 9*94 .. 

.. 9*99 

Cl 

.... 35*4 . 

... 43*55 .... 

.... 43*58 


N 

... 14-0 . 

... 17*20 



C-iH'N^HCn 
■ CWN.Cl 1 ■■■■ 

.... 81*4 . 

... 100*00 




Nitrate of Etliylamine. — Obtained by saturating ethylamine with 
nitric acid. — Very deliquescent; crystallizes from the aqueous solution 
in thin laminm. The syrupy mother-liquor, when heated, gives off gases 
which burn with a yellow flame, and yields a brown watery distillate 
with a few drops of oil floating on the surface; the residue is a brown 
mass which ultimately becomes charred. (Wurtz.) 


Chloromerourate of Ethylamine. Obtained by mixing the aqueous 
solutions of corrosive sublimate and hydrochlorate of ethylamine in 
equivalent quantities. Crystallizes more readily than the corresponding 
salt of methylamine, but forms smaller crystals. From the alcoholic 
solution it is deposited in small white scales. 

Wurtz. 


** 

8 H 

... 8 0 

.... 3*68 .... 

.... 3*88 

2 Cl 

... 70*8 

.... 32*66 .... 

.... 32*71 

1% 

... 100*0 

.... 46*13 


N 

.. 14*0 

.... 6*46 


C-^lFNAiCl + HgCn 
or C^H«NCl+-HgCl j *** 

.... 216*8 

.... 100*00 



Chloro-aurate, — Prepared like the preceding salt. — Forms very 
fine, golden yellow, prismatic crystals, soluble in water, alcohol, and other. 
(Wurtz.) 





Wurtz. 

4 C 

.. 24*0 

.... 6-21 .... 

.... 6*21 

8 H 

.. 8*0 

.... 2-07 .... 

.... 2*38 

4 Cl 

.. 141*6 

.... 36*63 .... 

.... 36*83 

Au 

. 199*0 

.... 51*47 .... 

.... 51*39 

N 

. 14*0 

.... 3*62 


C^H7N,HCl + AuCF) 
or C-iHSNCl.AuCF 

.. 386*6 

.... 100*00 
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OhloTO'platlnate^ Prepared by mixing tlie concentrated solutions of 
bichloride of platinum and chloride of ethylium, adding alcohol, pressing 
the resulting yellow precipitate, and dissolving it in boiling water. On 
cooling, the double salt separates in beautiful tablets of a deep orange- 
yellow colour. (Wurtz.) 


Wurtz. 

4 C 24*0 .... 9*58 9*48 


8 H 

... 8*0 ... 

3*19 .... 

.... 3*31 

3 Cl 

... 106*2 ... 

42*27 .... 

.... 42*65 

Pt 

... 99*0 ... 

39*40 .... 

.... 39*08 

N 

... 14*0 ... 

5*56 


C^Hi’N,HCl,PtC12 1 
or C«8NCl,PtCl= J 

.... 251*2 .... 

. 100*00 



Compounds of Etkylamine with Protochloride of Platinum. — 
a. 2(PtCl,C‘^H’N) = 2C^H'^N,PtCl + PtCl. — Ethylamine acts readily on 
protochloride of platinum, causing considerable rise of temperature, and 
converting it into a chamois-coloured salt, insoluble in water, and agreeing 
in composition with the above formula. (Wurtz.) 

Wurtz. 


8C 

48*0 .... 

13*38 

.... 13*51 

14 PI 

14*0 .... 

3*90 

.... 4*02 

2 Pt 

198*0 

. 55*19 .... 

.... 54*75 

2N 

28*0 

. 7*80 


2 Cl 

70*8 ... 

. 19*73 


2(PtCl,C^H"N) 

358*8 ... 

. 100*00 



Analogous to Magnus’s green compound, 2NH^,PtCl + PtCl. — It 
may also be regarded, according to Gerhardt’s nomenclature and formulae, 
2 sChloroplatinate of DiplatosethylamineyViOl^Rj'i^'^O^P^l^t. (yid. VI, 304; 
VII, 318.) 

1. Cm^mW.ECl = 2(C^H^N),PtCl. Formed by heating the salt a 
with excess of ethylamine. To prevent loss of ethylamine, it is best to 
heat the mixture in a small sealed flask, as in the preparation of the 
corresponding salt of methylamine. (VII, 318.) The chamois-coloured 
powder dissolves after a while, sometimes completely, sometimes leaving 
a black detonating residue probably analogous to fulminating platinum. 
(VIII, 387.) The solution filtered and evaporated deposits splendid 
colourless prisms, which dissolve pretty readily in water, but sparingly in 
alcohol. They contain 2 At. water of crystallization. 

Wurtz. 


8C 

48-0 .. 

. 19*82 .... 

.... 20*05 

16 H 

16*0 . 

. 6*61 .... 

.... 7*15 

Pt 

99*0 . 

. 40*72 .... 

.... 40*23 

Cl 

35*4 . 

. 14 66 


2N 

28*0 . 

. 11*56 


2 0 

16*0 . 

, 6*63 



2(C4H7N),PtCl + 2HO 242*4 .... 100*00 


This compound is analogous to Reiset’s first chloride, 2NH®,PtCL 
(VI, 300.) — According to Gerhardt’s notation, it may be regarded as 
the Hydrochlorate of Diplatosethylamine, N^C^H^Tt,HCl. 

Flatinosulphate of Ethylamine^ 2C^H^M,PtSO^, The solntion of the 
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preceding compound h mixed with sulphate of silver, yields chloride of 
silver, and a filti-ate which, when evaporated, deposits the platinosulphate 
in colourless crystals of considerable size. The salt is purified by dis* 
solving it in hot water and adding absolute alcohol, which throws it down 
in the form of a white precipitate. (Wurtz.) 

Wurtz. 


8 G 

48 .. 

.. 20*22 .... 

.... 20*12 

13 H 

13 .. 

.. 5*97 .... 

.... 6*04 

Pt 

99 .. 

.. 41*67 .... 

.... 41*40 

2 N 

28 . 

.. 11*83 


SHO^ 

49 .. 

20*31 



2(C^H3^N),PtS04 237 .... lOO'OO 

Wurtz regards Reiset’s first base asNH^ + NH^Pt, assigning to it the name of 
Platinamine^ and tbe corresponding ethyl-base contained in the salts just described, as 
P2atin-ethylamine=l:i^^^iC^^^ 4- NHPtjC^H^. According to this view, the formula of salt 

■oTsja p4'H5 j 1 

^ NHPt corresponding sulphate, is 

Similarly for the corresponding methyl-compounds, VII, 317. 


CJiloropalladite of EtMamme, An aqueous solution of hydrochlorate 
of ethylamine evaporated over the water-bath with excess of protochlo- 
ride of palladium, yields large black crystals grouped in feathery tufts ; 
by transmitted light they exhibit a fine red colour. They yield a red- 
hrown powder, and retain their lustre unimpaired at the heat of the 
water-bath. (Eeckenschuss, Ann, Fharm, 83, 343.) 

Reckenschuss. 


4C 

24*0 .. 

14*11 

8 H 

8*0 ., 

.. 4*70 

2 Cl 

70*8 .. 

. 41*62 

Pd 

53*3 . 

.. 31-34 .. 

N 

14*0 .. 

.. 8*23 


C4HrN,HCl+ PdCll 
or C^H^NCLPdCI / ' • 


170-1 


.... 100*00 


Eydrochlorate of Ethylamine with Cyanide of Mercury, Obtained 
by mixing a neutral solution of bydrochlorate of ethylamine with aqueous 
cyanide of mercury, and evaporating over the water -bath to the crystal- 
lizing point. Large, laminated crystals, which are permanent in the air, 
and are not decomposed by the heat of the water-bath. Soluble in 
water, sparingly in cold alcohol. Taste disagreeably metallic. (Kohl 
Swohod^ Ann, Fharm, 83, 342.) 

Kobl & Swoboda. 


8H 


... ‘i.O 

... 8-0 . 

, 2-40 


Cl 

................... 

... 35*4 . 

. 10-61 


2Hg 


... 200-0 . 

. 59-99 

59*6 

3N 


... 42*0 . 

. 12-60 



C^HUSr^HCl-f-2C2NHg .... 333-4 .... 100*00 


Acetate of Ethylamine. When ethylamine vapour is passed into a 
vessel containing glacial acetic acid and surrounded with ice, the salt is 
obtained in the form of a very deliquescent crystalline mass of dazzling 
whiteness. Anhydrous phosphoric acid chars it rapidly, hut does not 
give rise to the formation of any compound analogous to acetonitrile. 
(Wurtz.) 
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T Biniodethylamine. C^H®PN. 

WuBTZ. N* Ann, Chim, Phys, SO, 478* 

, Iodine introduced into an aqueous solution of etbylamine exerts an 
immediate action attended witli rise of temperature, producing hydriodate 
of etliylamina, and a bluisli black liquid wbicb is biniodethylamine, 
(p. 58). This compound decomposes when distilled, giving off rapours 
of iodine, and consequently has not yet been obtained in a state of 
purity. — It is soluble in alcohol and ether. Caustic potash decomposes 
it gradually, forming iodide of potassium, a small quantity of iodate of 
potash, and a yellow, crystalline residue, the composition of which has 
not been ascertained. 

Wurtz. 


4 C 

24 

.... 8a3 .. 

.. 7-90 to 8-33 

5 H 

5 

.... 1-69 ... 

1*80 „ 2-03 

2 I 

252 

.... 85'42 ... 

86-38 

N 

14 

.... 4-76 


C-'HSPN 

295 

.... 100-00 



IT Bibromethylamine, 

Wurtz. Ann, Chim, Phys, 80, 477. 

Bromine acts on ethylamine in the same manner as iodine, but more 
violently, so that it is necessary to add the bromine drop by drop, and to 
cool the liquid with ice. The greater part of the resulting bibromethy- 
lamine remains dissolved in the watery liquid, only a small portion 
settling down in the form of an oil as the action approaches its termina- 
tion. The dissolved portion may, however, be extracted by agitating 
with ether, and evaporating the ethereal solution. — The product is an 
oily liquid having an orange-red colour arising from a slight excess of 
bromine, which, may, however, be removed by agitation with weak potash. 
It is heavier than water, and has a pungent odour. 


% Bichloretliylamiiie. C^H^CPN. 

Wurtz. if. Ann, Chim. Phys, SO, 474. 

Chlorine acts on ethylamine in the same manner as bromine and 
iodine, forming hydrochlorate of ethylamine and bichlorethylamine ; 

2C^H7N + 4C1 = C^H7N,HC1 + CWCPN + HCl. 

The action is attended with rise of temperature, and a slight evolution of 
nitrogen gas. 

Preparation, Washed chlorine gas is passed to saturation into a 
dilute solution of ethylamine, contained in a tube surrounded with ice. 
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The product is tlien deposited in the form of a yellow liquid; which may 
be purified by washing with water and rectifyiug over chloride of 
calcium. 

Froperties. ThiU; mobile liquid of a light yellow colour; has a pene- 
trating odour, and produces coughing and flow of tears. Boils at 91°. 
The vapour explodes when heated in a tube, but not with sufficient force 
to break the tube. 

Wurtz. 

4 C 24*0 .... 21-09 2M2 

5 H 5-0 .... 4-39 . . . 4-51 

2 Cl 70-8 .... 62-21 62-29 

N 14-0 ... 12*31 

113*8 .... 100 00 

BecoTnpositions. This compound treated with excess of chlorine is 
converted into a solid body which crystallizes in scales. Ammonia decom- 
poses and dissolves it gradually. Caustic potash decomposes it slowly, 
forming chloride of potassium, acetate of potash, and ammonia, a gas 
containing chlorine being also given off in small quantity, and a few 
drops of an oily liquid, which has a disagreeable odour like that of impure 
cyanide of ethyl, sinking to the bottom: 

C^H^Cl-N + 3KO + HO = + 2KC1. 

The gas and the oily liquid must be regarded as secondary products. 
(Wurtz.) 


IT Biethylamine. C»H’iN= (C*H‘)^H3N = C‘H= In. 


FUl. Trans. 1850, 1, 120; Chem. Soc. Qu. J. 3, 300. 

Diethylamine, Dieiliylammonia^ DietJiylia, iBiethylia, 


Obtained in the form of a hydrobromate by the action of bromide of 
ethyl on ethylamine: 

(C^H«)H-,N 4- C^H5,Br = (C^H0-HN,HBr. 

When an aqueous solution of ethylamine is mixed with excess of bromide 
of ethyl, and the mixture boiled for some hours in a sealed tube, bydro- 
bromate^ of biethylamine is deposited in needle-shaped crystals. — This 
salt distilled with potash yields the base in the form of a very volatile 
and inflammable liquid, extremely soluble in water and strono-ly 
alkaline. ^ ^ 

CMoroplatinate of Biethylamim or of Biethjlium, — Biethylamine 
neutralized with hydrochloric acid and mixed with a strong solution of 
bichloride of platinum, yields a very soluble platinum-salt, which crys- 
tallizes in orange-red grains. (Hofmann.) 
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8C 

48*0 .. 

.. 17-19 .. 

Hofmann 
.... 17-33 

12 H 

12*0 . 

.. 4-30 .. 

.... 4-39 

N .. .. 

14*0 .. 

. 5-03 


3 Cl 

106-2 .. 

.. 38-03 


Pt 

99-0 .. 

.. 35-45 .. 

... 35*45 


CSHiiN,HCl,PtCPl 

c8Hi2N,ci,ptci2 ; •' • 


279*2 


100*00 


If ethylamine be regarded as (p. 58), bietbylamine may be expressed 

by the formula C^(C^H.°)H‘^N,H- or C‘*AeH^N,H-, derived from the former by the 
substitution of 1 At. ethyl for 1 At. hydrogen in the nucleus. 


f Triethylamine. C“’H’»N=(C*H*)^H='N=(C*HVN. 
Hofmann. Phil. Trans. 1850, I, 121; Uliem. Soc. Qu. J. 3, SOL 


Trieth^Iammonia, Tnethylia, Trieihyliaque^ TriathyliaTc, TricBtliylamin, 


Obtained from bietliylamine in tbe same manner as tbe latter is 
prepared from ethylamine. 

Light, colourless, strongly alkaline liquid, very volatile and inflam- 
mable; less soluble in v^ater than biethylamine. 

The hydrohromaU crystallizes in beautiful fibrous crystals, sometimes 
several inches long. 

Plaiinum-salt. — Very soluble in water. Crystallizes on cooling 
from concentrated solutions in magnificent orange-red rhombic crystals, 
which are obtained of perfect regularity and considerable size (half an 
inch broad) even from very small quantities of liquid. (Hofmann.) 

Hofmaun. 


12 C 

72*0 . 

.. 23*44 .... 

. . 23*42 

16 H 

16-0 

. 5-21 .... 

.. . 5-22 

N 

14-0 . 

4*55 


3 Cl 

106*2 . 

. 34 57 


Pt 

99*0 .. 

.. 32*23 „ . 

.. , 32*04 


Ci-Hi5N,HCl,PtC12l 
or C^-ff®NCl,PtCi- j 


307*2 . . 100-00 


Triethylamine might also be regarded, similarly to biethylamine, as 
H2. 


Tetrethylium. C^^H20N=(C^H^)HH,]sr=:(C^H^)^H. 

Hofmann. FML Trans. 1851, II, 357; Chem. Soc. Qu. J. 4, 304. 

Tetrethylammonium. — Obtained as an iodide or bromide by the 
action of iodide or bromide of ethyl on triethylamine. 

The iodide acts qnickly with the aid of heat; the bromide very slowly. 
Tetrethylinin is not known in the separate state, 
von. IX. F 
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Calculation, 

16 C 96 . 73*84 

20 H 20 15*39 

N 14 . 10*77 


(CW)4N 130 100*00 

Hydrated Oxide (C^H^NO, HO. — Prepared bj decomposing tbe 
iodide -with oxide of silver. — Tlie solution of tbe iodide is gently heated^, 
and recently precipitated oxide of silver added in small portions^ with 
agitation, till the resulting iodide of silver assumes a permanent yellow 
colour. The liquid filtered from the silver-precipitate is a solution of the 
hydrated oxide of tetrethylium. It may likewise he obtained by decom- 
posing the sulphate with baryta; but this process is not so good as the 
preceding, on account of the difficulty of getting rid of the excess of 
baryta or of sulphuric acid. The alkaline solution evaporated in vacuo 
over sulphuric acid and lime, yields after some time, long hair-like needles 
which are extremely deliquescent and attract carbonic acid rapidly from 
the air. By remaining longer in vacuo, the crystals disappear again, and 
the liquid dries up to a semi-solid mass, which also deliquesces and 
attracts carbonic acid rapidly. 

The solution of this compound is strongly alkaline, and has the 
pungent bitterness of quinine. In the concentrated state, it burns the 
tongue and acts on the epidermis like caustic potash or soda; rubbed 
between the fingers, it excites the well known sensation produced by the 
fixed alkalies, and the same peculiar odour. It saponifies fats as readily 
as potash, converts furfuramide into furfurine, and decomposes oxalic 
ether into oxalic acid and alcohol. — With metallic solutions it behaves 
like caustic potash, excepting that hydrate of alumina is less soluble in 
it, and hydrated chromic oxide quite insoluble. 

A moderately concentrated solution of oxide of tetrethylium may be 
boiled without alteration, but at an advanced state of the evaporation, 
decomposition sets in, even at the temperature of the water-bath, the 
residue intumescing strongly, and being gradually but completely 
resolved into water, triethylamine, and olefiant gas: 

C10H2ONO,HO = 2HO + + C^W. 

The solution of the oxide boiled for about 24 hours with iodide of 
ethyl in a flask provided with a condensing tube, so that the volatilized 
products may be condensed and run back, becomes perfectly neutral, and 
is converted into alcohol and iodide of tetrethylium: 

C 16 h 20 NO,HO + C^H^I = CWO- + C 16 H 20 N,I. 

A concentrated solution of the oxide mixed with an alkaline solution 
of iodide of potassium, yields a crystalline precipitate of iodide of 
tetrethylium; this effect is due to the insolubility of the latter substance 
in alkaline liquids (p. 67). 

Balts of Tetrethylium, The oxide combines readily with acids, form- 
ing salts which are^ all, except the carbonate, highly deliquescent. They 
may be obtained either by saturating the base with the respective acids 
or by double decomposition. The sulphate, nitrate, phosphate, carbonate, 
chloride, bromide and iodide, all crystallize. — The tribasic phosphate is 
strongly alkaline, like the soda-salt. 
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Iodide of Teiretliyliuni . — When perfectly anhydrous iodide of ethyl 
is added to triethylaraine dried over hydrate of potash, the mixture 
becomes slightly turbid, heat being evolved at the same time. The 
action goes on but slowly at ordinary temperatures, the mixture after 
several days being converted into a solid mass; but on exposing the 
mixture for a minute or two to the temperature of boiling water, a 
powerful reaction ensues; the liquid remaining for some time in a state 
of brisk ebullition, even after removal of the heat, and solidifying on 
cooling, into a hard mass of crystals, which is snow-white or yellowish, 
according as the triethylamine or the iodide of ethyl is in excess. To avoid 
loss of triethylamine, it is best to heat the mixture in sealed tubes. On dissolving 
the crystalline mass in cold water and leaving the solution to evaporate 
spontaneously, the iodide is obtained in beautiful well-defined white 
crystals, of considerable size, which may be separated by mechanical 
means from small quantities of a reddish iodine compound sometimes 
formed by the action of the air. This latter substance is formed in much 
larger quantity at higher temperatures, for which reason it is best to 
avoid the use of hot water in the purification, {vid. infra,) 

The crystals are anhydrous, and do not dimmish in weight by exposure 
to the temperature of boiling water. When rapidly heated to a higher 
temperature, they fuse, and are decomposed into triethylamine and iodide 
of ethyl, which form two layers in the receiver, but quickly unite and 
reproduce the original compound. 

The aqueous solution mixed with caustic potash solidifies at once to a 
crystalline mass consisting of the iodide itself, which is less soluble in 
alkaline liquids than in pure water. — With nitrate or sulphate of silver, 
it yields iodide of silver, and a solution of nitrate or sulphate of tetre- 
thylium. With oxide of silver it yields a solution of the hydrated oxide 
of tetrethylium (p. 66). (Hofmann.) 


16 C 

.. 96 . 

... 37-50 .. 

Hofmann. 
37-41 

20 H 

.. 20 

... 7*81 .. 

7-71 

N 

.. 14 .. 

... 5*47 .. 


I 

.. 126 .. 

49-22 

...... 49-28 



... 256 . 

... 100*00 



Tenodide of Tetretliyliim. When iodide of ethyl is heated for some 
time with alcoholic ammonia in such a manner that the volatilized portions 
may condense and run back again, a liquid is formed containing iodide of 
ammonium and the protiodides of the four ethyl-ammoniums; and this 
when exposed to the air for about a month, (whereby the iodide of 
ammonium is decomposed and iodine set free) yields teriodide of tetrethy- 
lium in large shining, dark- red prismatic crystals. — The same compound 
is more quickly obtained by heating the liquid with iodine; it then 
separates in small needle-shaped crystals (Weltzien, Ann, Fharm. 86, 
21^2; 91,33), 

Weltzien. 


16 C 

96 .. 

... 18*89 .... 

18*31 .. 

.. 17-75 

20 H 

.. ... 20 .. 

... 3*94 .... 

4*58 .. 

.. 4*50 

N 

14 „ 

... 2*76 ... 

2-76 .. 

.. 2*02 

3 I 

378 . 

... 74-41 ... 

74*88 .. 

.. 74-93 

(C^HS)W 

508 , 

... 100*00 ... 

100*53 .. 

.. 99*20 


Teriodide of trethylium boiled with aqueous potash is partially 

F 2 
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decomposed, giving off a volatile etLyl-Lase, probably trietbylamine, and 
forming iodide of potassium, iodate of potash, and iodoform. To account 
for the formation of these products, however, we must suppose that carburetted hydro- 
gens are also given oiF : 

3C16H-0NI3 + 6KO = 3C12H15N + SKI + KO,W + C^HF + 

Teriodide of tetretliylium dissolves slowly in cold water, readily in 
boiling alcobol; from tbe latter solution it crystallizes in needles arranged 
in feathery groups. It dissolves also in tbe iodides of potassium, sodium, 
and tbe etbyl-ammoniums, and separates from these solutions in large 
crystals. (Weltzien). 

Feriodide. — Tbe liquid from wbicb tbe teriodide bad crystallized, 
yielded on dilution with water, a heavy, red-brown, oily compound, rich 
in iodine, and probably consisting of a higher iodide of tetretbylium, 
(Weltzien). 

[A. warm solution of iodide of tetramethylium, mixed with an alcoholic solution of 
iodine, yields shining crystals consisting of penta-iodide of tetramethylium 
and the solution of this compound again treated with iodine yields a still higher com- 
pound, probably (Weltmen).] 

Bromide. White, opaque, granular crystals, obtained by acting 
upon trietbylamine with bromide of ethyl. (Hofmann). 

lodo-mercurute. 1. Mercuric iodide boiled with a solution of iodide of 
tetretbylium, immediately loses its red colour and is converted into a yellow 
compound, which fuses and collects as a transparent layer at tbe bottom 
of tbe vessel. On cooling, it solidifies to a brittle mass, having a crystal- 
line fracture. — 2. Iodide of tetretbylium mixed with a large excess of 
corrosive sublimate, yields a whitish crystalline precipitate which is a 
mixture of tbe iodo-mercurate with a large quantity of tbe corresponding 
chlorine-compound {infra) \ 

6C15H20NI -f SOHgCl - Ci«H20NI,5HgI + 5(C^5H20Ncl,5HgCl). 

By boiling with water tbe latter is removed, while the iodine-compound 
remains behind. 

Hofmann. 


C1BH20N 

, 130 .. 

... 9*38 


61 

. 756 ., 

... 54*54 .... 

.... 53*76 

5Hg 

. 500 . 

... 36-08 


(C^H5)4Nl,5HgI ... 

1386 . 

... 100*00 



OMoromercurate. On adding an excess of corrosive sublimate to a 
nearly neutral solution of chloride of tetretbylium, a beautiful white 
crystalline precipitate is formed, which is soluble in water and in hydro- 
chloric acid, especially on boiling. From the boiling solution it is 
deposited on cooling, in plates which have a greasy appearance. 


Hofmann. 

Cmm 130*0 .... 15*43 

6 Ci 212*4 .... 25*21 .... 25*05 

5 Hg 500*0 .... 59*36 .... 59*01 


(C^H5)4NCl,5HgCi. 842*4 .... 100*00 

CMoro-auraie, Lemon-yellow precipitate obtained by mixing tbe 
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solutions of tlio two clilorides. Dissolves but sparingly in cold water and 
in bydrocMoric acid. 

Hofmaiui, 

130 0 .... 27‘63 

4 Cl 141*6 .... 30*09 

An 199*0 .... 42*28 42*00 

(C‘*H^mCl,AuC13 .... 470*6 ... 100*00 

Clhloro'platinate. Bichloride of platinum added to the chloride of 
tetrethylium, immediately forms an orange-yellow precipitate^ which in 
every respect resembles the corresponding potassium and ammonium- 
salts. Slightly soluble in water; less soluble in alcohol and ether. May 
be crystallized in beautiful octohedrons. (Hofmann). 


16 C 

.. 96*0 . 

.. 28-63 

Hofmann. 
.. .. 28*89 

20 H 

.. 20*0 . 

5 95 .. 

... . 6*08 

N 

.. 14*0 . 

.. 4*20 


3 Cl 

.. 106*2 . 

.. 31-68 


Pt 

.. 99*0 . 

.. 29-54 .. 

29*27 

(C-^H5}-iNCI,PtCP 

... 335*2 . 

... 100*00 



% Methylotriethylium. 

Hofmann. JPhil. Tra7is. 1851, II, 373; Ghem, Soc. Qu. J, 4. 

Metliylotrietkylammonium. — Obtained as an iodide by the action of 
iodide of methyl on triethylamine: 

(C4H5)3N + C2H3I = (C2H3)(C-*H5)3N,I. 

The mixture of the two liquids solidifies to a crystalline mass of iodide 
of m ethyl otriethy Hum, slowdy at ordinary temperatures, instantly on 
boiling. The iodide resembles iodide of tetrethylium, and is extremely 
soluble, forming a neutral, very bitter solution, which is decomposed by 
potasb, the iodide being precipitated without alteration. 

The iodide decomposed by oxide of silver yields tbe hydrated oxide, 
which dries up in vacuo to a crystalline compound, resembling the 
hydrated oxide of tetrethylium. 

Flatinuvisalt, — Obtained as a beautiful crystalline precipitate by 
adding bichloride of platinum to a solution of the base saturated with 


hydrochloric acid. 



Hofm-ann. 

14 C 

.. 84*0 . 

.. 26*15 


18 H 

.. 18*0 . 

.. 5*60 


N 

.. 14*0 . 

.. 4*36 


3 Cl 

.. 106*2 . 

.. 33*07 


Pt 

.. 99*0 . 

.. 30*82 ... 

30*48 

C»H®NCl,PtCP 

... 321*2 . 

. 100*00 



The base forms crystalline salts with sulphuric, hydrochloric, nitric, 
and oxalic acid. (Hofmann.) 
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^ Conjugated Compounds containing Arsenic: Arsenethyls, 
Landolt, Ann, Pharm, 89, SOI, Chem. Ca%. 1854. 

Tliese compounds are obtained by tbe action of iodide of ethyl on arse- 
nide of sodium. They are three in number, riz. Arsenhiethyl or Vinocacodyl 
AsH"- = {C^H^)^-As: Arsentriethyl, AsH^ = (C^H®)^Asj 

and Arsenethylium (C^H^)^AsH^ = (C^H®)^As. This last is analogous to 
tetrethylium, stibmethyliiim, &e. 

Preparation, 1. Arsenide of sodium prepared by the direct combi- 
nation of its elements* is finely pounded, together with 4 or 5 times its 
weight of quartz-sand (if pulverized alone it tabes fire); the mixture 
introduced into a number of small short-necked flasks (holding about 
8 oz.), so as to fill them to about two- thirds; iodide of ethyl added to 
the contents of one of the flasks (the others being well corked up); and 
the flask immediately connected with a condensing apparatus through 
which a stream of carbonic acid is passed during the whole operation. 
This condensing apparatus (which is the same as that used by Lowig and 
Schweizer in the preparation of stibethyl, p. 78), consists of a tall wide 
cylindrical vessel closed by a cork having three apertures. Through one 
of these apertures passes a tube proceeding from the carbonic acid appa- 
ratus and reaching to the bottom of the vessel; through the second, a 
short straight tube to carry that gas off; and through the third is 
inserted the distillation-tube connected with the flask containing the 
mixture. Within the glass cylinder are placed two small bottles, into 
one of which the lower end of this conducting tube is inserted. The 
mixture of iodide of ethyl and arsenide of sodium soon becomes so hot 
that a large portion of the iodide of ethyl distils over spontaneously; as 
soon as this action is over, the flask is removed, more iodide of ethyl 
poured in., and the same operation repeated as long as any action takes 
place. The final residue of iodide of ethyl is expelled by gently heating 
the flask, and on subsequently applying a stronger heat, the arsenides of 
ethyl distil over. The cork of the cylindrical vessel must then be raised, 
together wdth the tubes, the vessel turned round so as to bring the end 
of the distillation -tube over the second bottle, and tbe vessel again closed 
as before. The exact moment for changing the bottles may bo known 
by the conducting tube, which lias previously heeu hot and dry, becoming 
cold and wetted with drops of liquid. The heat is then gradually raised 

* Pure metallic arsenic, in tbe state of fine powder, is gently heated in a furnace 
having a good draught, till it begins to fume, and small pieces of sodium introduced 
from time to time till the mixture begins to assume a fluid consistence, Vkliicli effect 
takes place when a quantity of sodium has been introduced, about equal to that of the 
arsenic. As the product is highly combustible, it is necessary to exclude the air as 
completely as possible during the whole operation. For this purpose, the arsenic is 
placed in a porcelain crucible, enclosed within a hessian crucible, both being provided 
with closely fitting covers, which must only be remo\ed to introduce the sodium, or to 
stir the mixture with an iron rod, so as to ensure uniform combination. The action is 
very violent, and attended with vivid incandescence, portions of the mixture being 
sometimes thrown out. The alloy, which has a crystalline fracture and silver-white 
colour, must be kept in closely stoppered bottles filled up with quartz-sand. It decom- 
poses water with evolution of arseaiuretted hydrogen, an effect which takes place even 
in damp air ; hence it must be handled with caution. 
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to redness; and when nothing more passes oyer, the flash is remoyed, a 
second put in its place, and the whole series of operations repeated. The 
contents of 12 or 15 flasks, re(][uiring about a pound of iodide of ethyl, 
yield about 2 oz. of the mixed arsenides of ethyl. — At the end of the 
operation, the first bottle contains iodide of ethyl mixed with a small 
quantity of the arsenides; the second, a nearly colourless liquid, fre- 
quently mixed with a red substance. This liquid — which is heavier than 
water, has an intolerable odour, excites a copious flow of tears, fumes 
strongly in the air, and afterwards takes fire, — is a mixture of arsen- 
hiethjl and arsentrieihyL — These two compounds may be separated by 
fractional distillation, the latter being much the more volatile of the two. 
For this purpose, the crude product is transferred, within an atmosphere 
of carbonic acid, into a small flask, and the flask immediately connected 
with the distillation-tube of the condensing apparatus above described, a 
number of small bottles being previously arranged within the large 
cylindrical vessel, so that by turning the vessel, each of them may be 
successively brought beneath the extremity of the distillation-tube. The 
flask is heated in a small sand-bath, and a rapid current of carbonic acid 
gas passed through the apparatus during the whole operation. In one 
experiment, the first portions of the distillate, which passed over between 
60'" and 138®, contained iodide of ethyl, and solidified after a while into a 
mass of crystals consisting of iodide of arsenethylium^ Ae^AsI. The 
second portion, which was collected at 140°, still contained iodine; the 
third, which passed over between 140^ and 185°, consisted of pure arsen- 
triethyl; afterwards a mixture of that compound with arsenbicthyl 
distilled over; while pure arsenbiethyl together with a little metallic 
arsenic, remained in the flask. This process is best adapted for the 
preparation of arsentriethyl, which it yields in much larger quantity 
than arsenbiethyl. The latter is more advantageously obtained by the 
following process ; * 

2. Arsenide of sodium is treated with excess of iodide of ethyl as 
before; the product digested with ether; the ethereal extract, which 
contains arsenbiethyl, arsentriethyl, and iodide of ethyl, mixed with 
absolute alcohol; the ether distilled off; and the alcoholic solution mixed 
with water, which precipitates arsenbiethyl, and dissolves iodide of 
arsenethylium formed by the action of the iodide of ethyl on arsentriethyl. 
— The treatment of the arsenide of sodium with iodide of ethyl is per- 
formed in small flasks as in the first process, and the iodide of ethyl, 
which distils over in consequence of the heat generated by the reaction, 
is collected in a small flask, and subsequently poured back again, together 
with fresh iodide of ethyl, these operations being repeated as long as any 
action continues; the transference of tbe liquid must be efiected as 
quickly as possible to avoid access of air. When the action is over, the 
greater part of the remaining iodide of ethyl must be distilled off by a 
gentle heat, sufficient however being left to keep the mixture moist; if 
the excess were all removed, the final product would consist of a mix- 
ture of arsenbiethyl and arsentriethyl, which would then require frac- 
tional distillation to separate them. When the contents of 10 or 12 
flasks have been thus treated, the whole is transferred into a bottle con- 
taining from ] ^ to 2 pounds of ether, and previously filled with carbonic 
acid; the bottle tightly closed and well shaken; the contents left to stand 
till tbe liquid has become clear; this liquid decanted into another bottle 
filled with carbonic acid, (whereupon it generally becomes turbid, and 
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deposits a yellow powder, tLe quantity of which is greater, the longer 
the liquid has been exposed to the air during the several operations); 
the residue again treated with ether; and this treatment repeated as long 
as a drop of the ethereal extract becomes turbid on exposure to the air. 
The whole of the ethereal extract is then mixed with absolute alcohol, 
and the ether quickly distilled olST. During this distillation, the yellow 
powder just mentioned cakes together, and forms a red, resinous body, 
melting at 70°, and insoluble in all reagents. 

The alcoholic solution is next transferred, in an atmosphere of 
carbonic acid, into a cylindrical glass vessel capable of being well closed, 
and mixed with water free from air till it becomes very turbid. It ' is 
left to stand till it becomes clear, and an oily body separates out; then 
decanted from this oil into another vessel, and a large quantity of water 
added, whereupon arsenhi ethyl is separated in the form of an oily liquid, 
having a faint greenish yellow colour and powerful odour. It is decanted 
into a small bottle; freed from the supernatant liquid by means of a 
pipette; and preserved under a layer of de-areated water. — In all these 
operations, the greatest care must be taken to exclude the air; otherwise 
a red powder forms, which mixes with the radical and renders its purifica- 
tion very difficult. 

The water used for precipitating the arsenhiethyl contains iodide of 
arseTiethylium^ together with other arsenical compounds, which have not 
yet been separated one from the other. On agitating the watery liquid 
‘with ether, a portion of these compounds dissolves, together with a con- 
siderable quantity of iodide of arsenethylium, although this compound is 
by itself but sparingly soluble in ether; and on leaving the liquid to 
evaporate in the air, there remains a yellow syrup, from which, after a 
while, the iodide of arsenethylium crystallizes in beautiful prismatic 
crystals. It may be separated from the liquid compounds which adhere 
to it, byVashing with a small quantity of water, and obtained in a state 
of purity by several recrjstallizations from water. — The watery solution 
after being treated with ether as above, still contains a small quantity of 
iodide of arsenethylium, which may be crystallized by evaporation over 
the water-bath, hut it is very impure. 

The residue in the fiasks in which arsenide of sodium has been treated 
with iodide of ethyl, and the product digested with ether (p. 71), still 
contains a number of arsenical organic compounds, among vrhicli the 
osdde of arsentrieihfj Ae^AsO®, exists in considerable quantity. It 
may be separated by treating the residue with absolute alcohol, evapo- 
rating the alcoholic extract, and subjecting it to dry distillation. The 
oxide then passes over in the form of a yellow oily liquid. 


t Arsenbiethyl or Vinocacodyl. (C*H^)=Asff=(C^H®)2As. 


Diarseniie of Ethyl, Eihylo-cacodyl. — For tlie preparation, md. p. 71. 

Properties. Oily liquid, having a faint yellowish colour, strong 
refracting power, and a very disagreeable, pungent, alliaceous odour. 
Heavier than water; in which it sinks without mixing. Boils between 
185° and 100°. 
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8 C 

.... 48 , 

. . 36*09 

Landolt (?}iea7i), 
35*73 

10 H 

.... 10 . 

. . 7*52 


As 

. .. 75 . 

... 5fi*39 

56*92 

(C^H^J-As ... 

.... 133 . 

.. 100*00 



According to Gmelin^s nucleus-ttieory, this compound should be regarded as belong- 
ing to the eight-carbon series, and as a conjugated compound of 1 At. H. with the 
secondary nucleus C^ArH^, formed from the primary nucleus by the replacement 

of 1 At- H by Ar = AsH- ; according to this view, its formula would be C®AiH^,H. 
(Vid. Cacodyl.) 

Arsenbietlijl rapidly absorbs oxygen from tbe air, and generally 
breaks out into a dull flame, giving off yapours of arsenious acid. In 
tbis respect, however, its properties vary according to tbe mode of pre- 
paration. A drop of tbe product obtained by tbe first method (p. TO), 
takes fire immediately when let fall upon wood or paper; but with that 
wdiich is obtained by tbe second method (p. Tl), this efiect does not 
take place till the temperature is raised to 1 SO"". — Strong nitric acid 
oxidizes it rapidly, with evolution of light and beat. Dilute nitric acid 
likewise oxidizes it, but less completely, a red substance analogous to 
Bunsen’s erytbrarsin, being formed as a secondary product. This led body, 
which is likewise formed when arsenbiethyl is incompletely burned in the air, is light red 
when first produced, but soon becomes daiker, and when dry forms a bi owui powder, 
which turns white by continued exposure to the air; it is insoluble in water, alcohol, and 
ether; heated on platinum-foil it burns away completely wutli a pale arsenic- flame; heated 
in a test-tube it gives off inflammable vapours, having an unpleasant odour, and leaves 
a considei able quantity of arsenic. — Strong sulphuric acid has no action on 
arsenbiethyl at ordinary temperatures, bxit evolves sulphurous acid when 
beated with it; dilute sulphuric acid dees not affect it. — Arsenbiethyl 
reduces the noble metals from tbeir solutions; its alcoholic solutjoii added 
to a solution of nitrate of silver or corrosive sublimate immediately throws 
down metallic silver or mercury. Tbis character, and the production of 
the red powder above mentioned, distinguish arsenbiethyl from the other 
arsenides of ethyl. 

Comhinations. Arsenbiethyl combines directly with sulphur and with 
the halogen-radicals, the combination being attended with great evolu- 
tion of heat. All its compounds bithwto obtained are liquids, and 
distinguished by a peculiarly repulsive and persistent odour, which excites 
a copious flow of tears; continued exposure to this odour produces sneez- 
ing, persistent catarrh, and head-ache, — The compounds contain 1 At. 
arsenbiethyl with 1 At. 0, S, Cl, &c. 

Iodide of ArsenMetJiyl, Obtained by saturating an ethereal solution 
of arsenbiethyl wfith an ethereal solution of iodine, and evaporating the 
mixture out of contact of air; (Landolt); also by dry distillation of the 
compound (C'^H^j^AsIjAsP (Cahours Riche, p. 78). — Yellow oil, readily 
soluble in alcobol and etber, but not miscible with water. Does not 
fume in tbe air, but burns slowly when heated, giving off vapours of 
iodine. (Landolt.) Distilled with zinc-amalgam it yields arsenbiethyb 
(Cab ours & Ricbe.) 

Decomposed by sulpburic and nitric acid, with sepamtion of iodine. 
The alcoholic solution mixed with nitrate of silver, forms an immediate 
^precipitate of iodide of silver, but gives no precipitate with a solution of 
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corrosive sablimate in dilute alcoliol. (Landolt.) Witli sulpliate and 
nitrate of silver, it yields iodide of silver and crystallized sulphate or 
nitrate of arsenliethyl, (Caliours & Riche.) 

Landolt, 


8 C 

. 48 . 

... 18*53 .... 

.... 18-90 to 19-34 

10 H 

. 10 . 

... 3*86 .... 

.... 4-13 „ 4-73 

As 

. 75 . 

... 28*96 .... 

.... 

I 

. 126 . 

.. 48*65 .... 

.... 48-45 „ 49-13 

(C^H5)"AsI ... 

. 259 . 

... 100*00 



Arsenbiethyl is insoluble in water', but dissolves readily in alcohol and 
ether, and is precipitated from its alcoholic solution by water. 


IT Arsentrietliyl, (G^EyAsE^:= (cm^yAs. 


This compound is most advantageously obtained by the first method 
(p. 70) j it passes over in a state of purity between 140"^ and 180°. 

Properties. Colourless, very mobile liquid, having great refracting 
power and a disagreeable odour, like that of arseniuretted hydrogen gas. 
Sp. gr. 1T51 at 16*7°. Under a pressure of 736 mm. it begins to boil 
at 140°; but the boiling point slowly rises to 180°, a small quantity of 
metallic arsenic separating at the same time. Hence the compound 
appears to decompose in boiling. — The quantity thus decomposed is, however, 
very small, several portions collected between 140® and 170° not exhibiting a difference 
of more than 1 per cent, in the amount of carbon. — Vapour* density 5*2783. 


Landolt. 



12 C ., 


72 .... 

44*44 43*21 to 44*03 



15 H . 


. 15 .... 

9*26 9*41 „ 

9*88 



As 


.. 75 .... 

46*30 




(C-‘H»)3As 

.. 162 .... 

100*00 





Vol. 

Density. 

Or: 

Vol. 

Density, 

C-vapour .. 


12 . 

... 4*9920 




H-gas 


15 . 

... 1*0395 

Ethyl-vapour 

3 ... 

,. 6*0315 

As-vapoiir 


^ • 

.... 5*1997 

As-vapour 

i ... 

. 5*1997 

Vapour of A#As..-. 

2 . 

... 11*2312 

Vapour of Ae^As.... 

2 

. 11*2312 



1 . 

... 5*6156 


1 ... 

. 5*6156 


Decompositions. Arsentriethyl fumes and becomes heated when 
exposed to the air, but seldom takes fire unless it is gently heated; the 
products of the combustion are arsenious acid, carbonic acid, and water. 
Oxidation takes place slowly even when the compound is kept under 
water, in a tightly closed vessel; when it has advanced a certain stage, 
the liquid no longer fumes in the air. — Strong nitric acid oxidizes it 
rapidly, with vivid combustion and explosion; but nitric acid of sp. gr. 
1*42 dissolves it slowly, with evolution of nitric oxide, and forms nitrate 
of arsentriethyl; no red compound analogous to erythrarsin is formed, 
either by the action of nitric acid or by oxidation in the air. — Arsen- 
triethyl mixes with oil of vitriol, and on the application of heat, reduces 
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it to sulpliurous acid. It does not reduce tlie oxides of tlie noble 
metals. 

ComlinatioQis, Arsentriethyl combines with oxygen, sulphur, chlo- 
rine, &c., forming compounds containing 1 At. of the radical and 2 At. 
of the other body, analogous therefore to the compounds of stibmethyl, 
stibethyl, &c. 

Oxide. When an ethereal solution of pure arsentriethyl is left to 
eyaporate slowly in contact with ,the air at ordinary temperatures, the 
oxide remains in the form of a nearly colourless, oily liquid, having a slight 
alliaceous odour. As thus obtained, however, it is not pure, being 
mixed with other compounds not yet examined. — 'Bre^aratlon. The mass 
obtained by treating arsenide of sodium with iodide of ethyl is exhausted 
first with ether, and afterwards with absolute alcohol, the alcoholic 
extract evaporated, and the residue subjected to dry distillation in a 
retort (p. 72). 

Oily liquid having a slight yellowish colour; heavier than water and 
not miscible with it; dissolves readily in alcohol and ether, and is pre- 
cipitated from the alcoholic solution by water, in its original state. 

The alcoholic solution has no action on litmus-paper, and does not 
precipitate nitrate of silver. The oxide is readily dissolved by dilute 
nitric acid, but is insoluble in dilute sulphuric and hydrochloric acid. 


Landolt. 

12 C 72 .... 40*45 39 58 to 40*38 

15 H 15 .... 8*43 8*73 „ 9*29 

As 75 .... 42*13 43*17 

2 0 16 .... 8*99 


(C^H5)3As02 .... 178 .... 100*00 


This compound becomes turbid on exposure to the air, and passes to 
a higher state of oxidation, but without fuming or inflammation. 

When pure arsentriethyl is left to stamd for some time in a loosely 
stoppered bottle, very fine tabular crystals gradually form on the surface; 
and if the crust thus formed be now and then broken and pushed to the 
bottom, the entire liquid may he converted into a solid compound. The 
crystals are quite inodorous, and dissolve in alcohol and ether; but in 
contact W'ith water, they deliquesce to a colourless oil which remains 
quite undissolved; deliquescence likewise takes place in a moist atmo- 
sphere, and on exposure to a gentle beat. This compound has an acid 
reaction; its alcoholic solution forms with nitrate of silver a yellow floc- 
culent precipitate which shrinks up greatly in drying, and forms a brown 
powder containing 60*8 p.c. of silver. 

Sulphide. — 1 . When an ethereal solution of arsentriethyl is boiled 
with washed flowers of sulphur, the liquid decanted into another vessel 
as soon as the excess of sulphur has settled down, and left to cool, the 
sulphide of arsentriethyl separates out in prismatic crystals; if, however, 
too much ether has been used, the cry.stals do not form till the liquid is 
evaporated. The crystals are generally contaminated both with sulphur 
and with oxide of arsentriethyl, which latter is very difficult to remove. 
They are best purified by reerystallization from alcohol or water, the 
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conipound then separating in small feathery crystals; larger crystals may 
be obtained by redissolving in warm ether^ and leaving the solution to 
evaporate slowly. — 2. The compound may likewise be obtained by boiling 
an aqueous solution of pentasulphide of potassium with oxide of arsen- 
triethyl; crystals of the sulphide then separate on cooling. — The com- 
pound has a bitter taste, but is quite inodorous when pure. 


Landolt. 


12 C 

... 72 . 

... 37‘11 



15 H 

... 15 . 

... 7-73 



As 

... 75 . 

... 38*66 



2 S 

... 32 . 

... 16*50 .... 

.... 16*17 .. 

.. 15*77 

(C'iH5)3AsS2.... 

... 194 . 

... 100*00 




Sulphide of arsentriethyl is not altered by exposure to the air. — 
Heated in a test tube, it melts somewhat below 100“^, forming a yellowish 
oily liquid which boils at a higher temperature, giving off spontaneously 
inflammable vapours, and covering the inside of the tube with a yellowish 
red deposit of sulphide of arsenic. — When boiled with potash-ley, it is 
hot decomposed, but merely melts, and solidifies in a crystalline mass on 
cooling. — Strong nitric acid acts very powerfully on it, converting the 
sulphur into sulphuric acid, and partially oxidizing the arsentriethyl. — 
Dilute hydrochloric acid decomposes it imperfectly, giving off sulphu- 
retted hydrogen, and forming a small quantity of arsentriethyl, which 
may be recognized by its pungent odour. — The aqueous solution forms 
with nitrate of silver, a black precipitate of sulphide of silver; no preci- 
pitate with acetate of lead or with copper salts. With mercurous nitrate, 
it forms a black precipitate which soon turns white; with corrosive subli- 
mate, a bulky white precipitate. 

Sulphide of arsentriethyl dissolves readily warm water and in boiling 
ether, but is nearly insoluble in cold ether. 

Iodide of A TsentriethyL — When an ethereal solution of iodine is 
added to an ethereal solution of arsentriethyl, as long as decoloration takes 
place, iodide of arsentriethyl separates in large quantity as a sulphur- 
yellow flocculent precipitate- It is immediately separated from the liquid, 
washed with a small quantity of ether, pressed between paper, di’ied at a 
very gentle heat, and then enclosed in a tight-stoppered bottle. It is also 
obtained by dry distillation of the compound (C^H®)^AsI, AsP. (Cabours 
& Eiche, p. 78). — Very instable; when exposed to the air, if only for a 
short time, it turns brown and soon deliquesces to a dark-coloured syrupy 
liquid; even when completely protected from the air, it gradually assumes 
a brown colour. When heated in a test-tube, it assumes a darker colour, and 
fuses at 160^ to a brown liquid, which solidifies again on cooling; at 190*^ 
it is converted, wnth partial decomposition, into vapour which condenses 
on the colder parts of the tube in light yellow drops; no separation of 
iodine appears to take place. Nitric and sulphuric acid decompose it 
immediately, with separation of iodine; it dissolves in hydrochloric acid 
when heated, but separates out again unchanged on cooling. Strong 
potasb-ley dissolves out the iodine, and forms oxide of arsentriethyl. 
Distilled with zinc-amalgam, it yields arsentriethyl. (Cahours & Eiche). 

Iodide of arsentriethyl dissolves readily in water and alcohol, but 
sparingly in ether. The aqueous solution forms with nitrate of silver an 
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immediate precipitate of iodide of silver; from acetate of lead it sepa- 
rates iodide of lead. With corrosive sublimate it forms a white precipi- 


tate soluble in excess. 



Landolt, 

12 C 

72 .. 

.. 17-39 ... 

17-68 

15 H 

15 .. 

3-62 ... 

4*14 

As 

75 .. 

.. 18*12 


21 

. . . 252 .. 

.. 60-87 ... 

60-64 


(C^H5)3AsP.... 414 ... 100-00 


Chloride. — Not yet obtained in a definite state. When an alcoholic 
solution of oxide of arsentrietbyl is mixed with strong hydrochloric acid, 
and water afterwards added, the oxide separates out unaltered, but the 
liq[uid at the same time acquires an intolerable odour and emits a vapour 
which attacks the eyes strongly. This odour is altogether foreign to 
the oxide of arsentrietbyl, and is therefore probably due to the formation 
of a small quantity of chloride. 

Nitrate, — Obtained by treating arsentrietbyl or its oxide with dilute 
nitric acid. On evaporating the liquid over the water-bath, a thick 
syrup is obtained; and this, when left for some time over sulphuric acid, 
deposits crystals, which on exposure to the air, rapidly absorb water and 
deliquesce. (Landolt.) 


IT Arsenethylium. (C^H*yAsH*=(C*H5)<As. 

Formed, as an iodide, by the action of iodide of ethyl on arsen- 
triethyl: 

(C^H5)3As + = (C'*H5)hAsJ. 

Also by the action of metallic arsenic on iodide of ethyl. (Cahours 
k Eiche, p. 78 ). 

Not known in the free state. 


Calculation, 


16 C 

96 .... 

50-26 

20 H 

20 .... 

10-47 

As 

75 ... 

... . 39-27 

(C^H3)^As 

191 ... 

100-00 


The compounds of arsenethylium are analogous to those of potassium, 
ammonium, tetrethylium, stibmethylium, &c. The hydrated oxide is a 
fixed base resembling hydrate of potash. The salts dissolve readily in 
water, crystallize readily and possess great stability, undergoing no change 
on exposure to the air; they are inodorous, have a bitter taste, and do 
not appear to be poisonous. In these respects, they differ remarkably 
from the compounds of arseubiethyl and arsentrietbyl. 

Oxide, — Obtained by the action of oxide of silver on an aqueous 
solution of iodide of arsenethylium. On filtering from the iodide of 
silver and evaporating the solution, the air being excluded as much as 
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possible, tlie hydrated oxide remains in the form of a white mass, which 
has a strong alkaline reaction, and quickly absorbs water and carbonic 
acid from the air. It is a strong base, separating ammonia from its salts 
at ordinary temperatures, and precipitating the earths and heavy metallic 
oxides from their solutions. 

Iodide. — YVhen iodide of ethyl is mixed with arsentri ethyl, combi- 
nation generally takes place in a few hours, the entire liquid solidifying 
in a mass of crystals. For the preparation, xM. pp. 71, 72. — Large colour- 
less crystals, which often become somewhat darker by long keeping. 
They dissolve readily in water and alcohol, hut are insoluble in ether 
and in alcohol containing ether. Nitric acid separates iodine; so likewise 
does sulphuric acid, with evolution of hydriodic and sulphurous acids. 
The crystals fall to powder when heated, giving off vapours which take 
fire in the air, and yielding a sublimate of metallic arsenic, but only a 
small quantity of iodine or iodide of arsenic. 





Landolt. 





a. 

h. 

16 C 

.... 96 . 

... 30*28 .... 

28*77 


20 H 

.... 20 . 

... 6*31 .... 

6*84 


As 

.... 75 . 

... 23*66 



I 

... 126 . 

... 39*75 .... 

39*09 

... 39*85 

(C<H6)<AsI 

.... 317 . 

... 100*00 




a was obtained by method 1, page 71; i by method 2, page 72. 

Iodide of Arsenethylmm vMh Teriodide of ArBenio (C^H®)^AsT, AsP. — 
Obtained by heating iodide of ethyl to 200° in contact with metallic 
arsenic: 

4(C-*H5)I 4- 2As = (C4H5)L^sLAsU. 

Splendid red tables which are decomposed by distillation, yielding iodide 
of arsentriethyl and iodide of arsenbiethyl. (Cahoiirs & Eiche, Oompt. 
rend, 39, 546.) 

Chloride. — Obtained by saturating a solution of the oxide with 
dilute hydrochloric acid; on evaporating the liquid under the air pump, 
crystals are obtained which contain 8 At. water of crystallization and 
deliquesce rapidly in the air. When heated, they first melt in their 
water of crystallization, and then gradually give it off, undergoing 
decomposition at the same time, and ultimately disappearing altogether, 
with formation of volatile products. Strong sulphuric acid decomposes 
the salt immediately, with evolution of hydrochloric acid gas. — The 
crystals dissolve readily in water and alcohol, hut are insoluble in ether. 
The aqueous solution immediately precipitates chloride of silver from 
the nitrate, and forms an insoluble double salt with protochloride of 
mercury. 


16 C 

96*0 .. 

. 32*16 

Landolt. 

20 H 

20*0 .. 

. 6*70 


As 

75*0 .. 

. 25*13 


Cl 

35*4 ... 

. 11*89 

... 11-88 .... 11-98 

8 HO 

72*0 ... 

. 24T2 

(C-*H5)-iAsCl+SAq.. 

. 298*4 . 

.. 100*00 
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Sulphate. — Obtained by precipitating iodide of arsenetliyliimi with 
a solution of sulphate of silver containing excess of sulphuric acid. The 
liquid, when filtered and evaporated, leaves granular crystals, which may 
be purified by repeated crystallization. This salt dissolves readily in 
water and alcohol, sparingly in ether. Its taste is sour at first, afterwards 
bitter. Heated in a tube, it fuses with decrepitation at first, and then 
gives off acid vapours which do not take fire in the air. 


16 C 

96 

.... 33*33 ... 

Landolt. 
33*05 

20 H 

20 

.... 6*94 ... 

7*55 

As 


.... 26*04 


O 

8 

.... 2*78 


2 S03 


.... 27*78 ... 

28*25 

HO 

9 

.... 3*13 



(C^H0^As,j2gO4 288 .... 100-00 


Conjugated Compounds containing Antimony. 

^ Stibethyl. 

Lb WIG & ScHWEiZER. Mittlieilungen der Zuricher naturf. GesellscJiaft, 
Nr. 45 u. 51; A7in. Sharm. 75, 315, 327; J. pr. Ghcm. 49, 385; 50, 
321; Fhamn. Ce7itr. 1850, 230, 536, 545; Fogg. 8, 338; A^xh. ph. 
nat 13, 29; 14, 288; InstiL 1850, 172; 1851, 30; Laur. S CerL 
0. B, 1850, 237, 389; Ohem. Gaz. 1850, 201, 372, 395, 420; Jahresher. 
1850, 470; Ghem. Soc. Qu. J. 5, 69. 

Lowig. On some compounds of Stibethyl. J, pr. Ghem. 60, 352 ; Ann^ 
Fharm. 88, 323. 

Formation. By the action of iodide, bromide, or chloride of ethyl 
on antimonide of potassium. 

Freparation. Antirnonide of potassium prepared by igniting crude 
tartar with antimony,* is triturated with two or three times its weight of 
quartz-sand; the mixture introduced into a number of small flasks, as in 
the preparation of the arsenides of ethyl (p. 70), and moistened with iodide 
of ethyl. The action begins in a few minutes, and is attended with a 
rise of temperature sufficient to volatilize the excess of iodide of ethyl, 
which may be collected by itself in a small receiver. This action being 
over, the flask is connected as quickly as possible with the condensing 
apparatus described on page 70, and heated, gently at first, but after- 
wards more strongly, as long as any liquid distils over, a stream of car- 
bonic acid gas being passed through the apparatus during the whole 
operation. The flask is then removed, and the distillation-tube stopped 
with wax till a second flask is ready, npon which the operation is 

* 5 pts. of crude tartar and 4 pts. of antimony are slowly heated in a covered 
crucihle till the tartar becomes charred ; the heat then raised to whiteness for an hour ; 
the furnace closed air-tight, and the mixture left to cool slowly. The product is a 
crystalline regulus containing 12 per cent, of potassium, which decomposes water 
rapidly, oxidizes but slowly in the air in the compact state, but becomes heated and 
takes fire when rubbed to powder ; this effect may, however, be prevented by mixing 
the alloy with 2 or 3 parts of quartz-sand. 
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repeated. The contents of 20 to 24 flasks of 3 or 4 ounces capacity, 
yield 4 or 5 ounces of crude product, which may thus he obtained in the 
course of a day. The receiver in which the distillate has been collected 
is then closed, while still immersed in the atmosphere of carbonic acid, 
afterwards removed, and used as a retort in the rectification of the pro- 
duct, the same condensing apparatus being used as before. The first 
portions of the rectified product contain iodine, and deposit after a while 
a number of colourless crystals [iodide of stibethylium], (Ldwig <fc 
Schweizer.) 

Fo'OpeHies, Transparent, colourless, mobile, strongly refracting 
liquid, having a disagreeable alliaceous odour. Sp. gr. 1*3244 at 16°. 
Does not solidify at 29°. Boils at 158-5° (bar. at 730 mm.). Vapour- 
density = 7*44. 

Lowig & Schweizer. 

12 C 72 .... 33*33 32*74 to 34*47 

15 H 15 .... 6*94 6*99 „ 7*28 

Sb 129 .... 59*73 58*77 „ 60*22 

.... 216 .... 100*00 

Lowig & Schweizer regard stibethvl as a radical containbg 2 At. ethyl united with 
the copula C'^H®,Sb, and consider that the occurrence of 2 At. ethyl in it explains the 
combination of 1 At. stibethyl with 2 At. oxygen, chlorine. Cacodyl, C'^H^As, on the 
contrary, they regard as 1 At. methyl united with the copula C^H^,As ; hence 1 At. 
cacodyl combines with only 1 At. oxygen, &c. — Laurent & Gerhardt {Comptes men- 
suels, 1850, 399) supposed that the so-called stibethyl- salts contained a base C^-H^^Sb, 
to which they gave the name of stibethine, the chloride being C^'^H^^Sb,?HCl, the 
nitrate Sec. But Gerhardt in his recent Traits de Chimie organique, 

1, 369, regards stibethyl as (C'^H^)*‘^Sb. 

A drop of stibetliyl exposed to tbe air at tbe end of a glass rod, 
emits thick white fumes, and in a few seconds takes fire and burns with 
a white, strongly luminous flame. When introduced in a thin stream 
into oxygen gas, it burns with dazzling brightness. But if it he made 
to run into a glass globe containing air, in such a manner as not to take 
fire, it gives ofi* dense white fumes, w*hich collect on the sides of the 
Tessel in the form of a powder, which is insoluble in ether, but dissolves in 
alcohol and vrater; at the same time a transparent, colourless, viscid mass 
is formed, which is soluble in ether. This latter substance is the oxide of 
stibethyl^ Ae^SbO^; the powder is anfimonite of stibethyl, Ae^Sb0^2SbO^. 
[It was originally regarded by Lowig and Schweizer as ethylostibylic acid C^H“8b,0'’]. 
Stibethyl oxidizes very slowly when immersed in water; hence it is best 
to keep it under that liquid. — Sidplmr, selenium, iodine, bromine, and 
chlorine combine directly with stibethyl, the action being always attended 
with evolntion of heat, and in the case of bromine and chlorine, with 
inflammation. The compounds, like the oxide, all contain 1 At. stibethyl, 
with 2 At. of the other body, in which respect they resemble the com- 
pounds of stihmethyl (VII, 322) and arsentriethyl (p. 75). Stibethyl 
introduced into hydrochloric acid gas, yields chloride of stibethyl and free 
hydrogen: 

Ae^Sb 4- 2HC1 = Ae^SbCP + 

The same reaction takes place with fuming hydrochloric acid. — Dilute 
nitric acid with the aid of heat, acts on stibethyl in the same manner as 
on the metals, evolving nitric oxide and forming nitrate of stibethyl. 
— Neither fuming nitric acid nor aqna-regia oxidizes the antimony 
completely* 
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Oxide of Stibetliyl, Ae^SbO^ — 1. Formed by tbe direct oxidation of 
stibetliyl, either in the free state as above mentioned, or dissolved in 
alcohol or ether; as thus obtained, however, it is always more or less 
mixed with antimonite of stibethyl, especially when obtained from the 
ethereal solution. The alcoholic solution on the contrary yields but a 
small quantity of antimonite. Accordingly, the oxide may be obtained 
by leaving a dilute alcoholic solution to evaporate slowly in a loosely 
covered foot-glass; treating the residue with ether, which dissolves the 
oxide and leaves the antimonite; and repeating this treatment as long as 
the ether leaves any insoluble residue. — 2. The oxide may also be 
obtained by treating an aqueous solution of sulphate of stibethyl with 
baryta- water; evaporating the filtrate over the water-bath; exhausting the 
residue with alcohol, which dissolves out a compound of oxide of stib- 
eth^d and baryta; precipitating the baryta by carbonic acid; and evapo- 
rating the filtered alcoholic solution. — 3. From the nitrate in a similar 
manner. — 4. An alcoholic solution of stibethyl shaken up with finely 
divided red oxide of mercury, quickly reduces the mercury to the metallic 
state, and yields pure oxide of stibethyl. 

Oxide of stibethyl in its purest state, is a transparent, colourless, 
viscid, amorphous mass, which dissolves readily in water and alcohol, 
somewhat less readily in ether; has a very bitter taste; docs not 
appear to he poisonous; is not altered by exposure to the air; is not 
volatile; but when heated in a tube, gives off white vapours which burn 
with a bright Same, and leaves a residue containing antimony and char- 
coal. It is decomposed by potassium, at a gentle heat, with separation 
of stibethyl. Fuming nitric acid decomposes it, with evolution of light 
and heat; dilute nitric and strong sulphuric acid dissolve it, forming salts 
of stibethyl; hydrochloric acid and other hydrogen-acids dissolve it in 
the form of chloride of stibethyl and similar compounds. Sulphuretted 
hydrogen has no perceptible action upon it; but on evaporating a solution 
of the oxide saturated with the gas, crystals of sulphide of stibethyl are 
obtained; the smallest trace of antimonite of stibethyl mixed with the 
oxide is detected by the formation of a yellow precipitate. 


Calculation* 


12 C 

72 

31-04 

15 H 

15 .... 

6-46 

Sb 

... 129 .... 

55-60 

2 0 

16 .... 

.... 6*90 

(C-‘H=)3Sb02 

... 232 ... 

100-00 


The composition was determined by the analysis of the sulphate and nitrate. 

Stdphide* Formed, with evolution of heat, when sulphur and 
stibethyl are brought together under water. It is however most readily 
obtained by boiling an ethereal solution of stibethyl with pure flowers of 
sulphur; the liquid decanted from the sulphur soon solidifies in needle- 
shaped crystals, which may he purified by leaving the adhering sulphur to 
oxidize in the air, and crystallizing several times from ether. 

Sulphide of stibethyl thus purified forms a bulky crystalline mass 
having a silvery lustre, an unpleasant odour, and a bitter taste; it is 
permanent in the air when dry; melts above 100°; and is decomposed at 
a stronger heat, with formation of a liquid product resembling sulphide 
of ethyl. In the fused state it is decomposed by potassium, with evolu- 
voii. IX. a 
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tion of' Tapoors of stibetliyl. The aqueous solution of sulpliide of 
stibetliyl precipitates metals from their solutions in the form of sulphides, 
and yields sulphuretted hydrogen with dilute acids. 

Ldwig & Scliweizer. 


12 C 

72 . 

... 29*03 ^ 

. 29*09 

15 H 

15 , 

... 6 05 

. 6*24 

Sb 

, 129 . 

... 52-01 


2 S 

32 . 

... 12-91 

. 13*05 

(C'HS)3SbS^ ... 

248 . 

... 100-00 



Sulphate. — May be obtained by the direct union of its components, 
but more readily by decomposing sulphide of stibetliyl with an exactly 
equiyalent quantity of cupric sulphate. The filtered solution evaporated 
to a syrup yields perfectly w^hite crystals, which may be dried between 
paper and afterwards over oil of vitriol. Excess of sulphuric acid 
prevents the crystallization, but does not decompose the oxide of stibe- 
thyl. — The salt is inodorous, but has a bitter and very persistent taste. 
The crystals suffer no loss of weight at lOO'^, but at a somewhat higher 
temperature, they become soft and melt into a colourless liquid. The 
salt is very soluble in water, dissolves with tolerable facility in alcohol, 
but is nearly insoluble in ether. Hydrochloric acid added to the aqueous 
solution, immediately forms a precipitate of chloride of stibethyl. Soluble 
baryta salts throw down the sulphuric acid. 


12 C 

72 

.... 23*08 

Lbwig & Schweizer. 

15 H 

15 

.... 4*81 


Sb 

129 

.... 41*34 


2 0 

16 

.... 5*13 


2SO^ 

80 

.... 25-G4 ... 

24-45 .... 25-58 

(C^H5)^SoO-72S03.... 

312 

.... 100-00 



Selenide . — Prepared like the sulphide, and similar to that compound 
in its properties, excepting that when exposed to the air, it decomposes 
rapidly, with separation of selenium. 

Iodide. — Iodine and stibethyl combine together under water, the 
combination being attended with rise of temperature. On adding iodine 
to an ethereal solution of stibethyl, a violent momentary ebullition takes 
place and the iodine quickly disappears. The compound is however most 
easily prepared by adding iodine by small portions to an alcoholic solu- 
tion of stibethyl surrounded by a frigorific mixture, as long as the colour 
of the iodine disappears, and leaving the colourless solution to evaporate 
spontaneously. The iodide then crystallizes in colourless needles, which 
must be recrystallized from alcohol and afterwards from ether, to free 
them from a small quantity of a yellow powder which adheres to 
them. 

Iodide of stihethyl has a slight odour of stibethyl and a bitter taste; 
melts and solidifies at 70*5®; sublimes in small quantity at 100®, without 
alteration, hut is decomposed at a somewhat higher temperature, with 
formation of dense white fumes. In the fused state, it is instautlj 
decomposed by potassium, with separation of stibethyl. With oil of 
vitriol and with metallic salts, it behaves like iodide of potassium. Hydro- 
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cliloric acid immerllatelj precipitates cliloride of stibetliyl. Bromine 
and chlorine separate the iodine; so likewise does nitric acid, with forma- 
tion of nitrate of stibethyl. The iodide dissolves in water witlioat 
decomposition, and readily in alcohol and ether. 


12 C 

..... 72 .. 

.. 15*.38 

Lovrig & Sclweizer, 
14 92 

15 H 

15 .. 

.. 3*20 

3 26 

Sb 

129 .. 

.. 27'57 


21 

.... 252 . 

.. 53 85 

53-98 


(C^H^ySbl- . . 4(38 .. . 100-00 


Bromide. — Stibethyl takes fire when added in drops to bromine. 
The bromide is prepared by adding a recently prepared alcoholic solution 
of bromine to an alcoholic solution of stibethyl cooled by ice, as long as 
the colour of the bromine disappears. On mixing the solution with a 
large quantity of water, the bromide of stibethyl is precipitated in the 
form of a colourless liquid, which must then be washed with water and 
dried by contact with chloride of calcium. 

Transparent, colourless, strongly refracting liquid, having a density 
of 1*953 at 1T° Has an unpleasant odour like that of turpentine, and 
excites sneezing. Solidifies in a crystalline mass at —10°. It is not 
Tolatile. When distilled, it yields, among other products, a strongly 
acid liquid having an intolerable odour like that of chloral. It is 
decomposed by oil of vitriol, with evolution of hydrobromic acid, and by 
chlorine with separation of bromine. Insoluble in water, but dissolves 
readily in alcohol and ether. The alcoholic solution gives with metallic 
salts reactions similar to those of bromide of potassium. 


12 C 

72 .. 

.. 19*15 

Lowig & Schweizer. 
38-95 

15 H 

15 .. 

.. 4-00 

4-20 

Sb 

129 .. 

.. 3^*30 


2 Br 

160 .. 

.. 42-55 

42-53 


(CnVfShBi- 376 .... 100-00 


Chloride. — Stibethyl dropt into chlorine gas takes fire and burns 
with a bright but smoky flame. Introduced into dry hydrochloric acid 
gas, it forms chloride of stibethyl, and separates a quantity of hydrogen 
equal in volume to half the hydrochloric acid gas (p. 80). The chloride 
is also formed, with evolution of hydrogen, by the action of fuming 
hydrochloric acid on stibethyl. — Bre-paraiion. The chloride is easily 
obtained in the pure state by decomposing a strong solution of nitrate of 
stibethyl with strong hydrochloric acid; it then separates in the form of 
a liquid which may be purified in the same manner as the bromide. 

Transparent, colourless liquid, of sp. gr. T540 at 17^; has a power- 
ful odour like that of turpentine, and a bitter taste. Remains fluid at 
— 12°. When it is distilled with water, a small portion appears to 
volatilize undecomposed; when heated alone it behaves like the bromide. 
Strong sulphuric acid decomposes it, with evolution of hydrochloric acid, 
while, on the other hand, hydrochloric acid added to a solution of 
sulphate of stibethyl, throws down the chloride. In other respects, its 
reactions are like those of chloride of potassium or chloride of sodium. 
It is insoluble in water, but dissolves readily in alcohol and ether. 
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Lowig & Schweizer* 


12 C 

72-0 . 

... 25*11 .... 

.... 25*11 .. 

.. 25*04 .. 

.. 25*11 

15 H 

15-0 . 

... 5*22 .... 

.... 5*55 .. 

.. 5*48 .. 

.. 5-41 

Sb 

129*0 . 

... 44*98 




2 Cl 

. 70 8 . 

.. 24*69 .... 

.... 24*63 .. 

.. 24*28 .. 

.. 24*20 

(C4H5)3SbCP ... 

286*8 

... 100*00 





Nitrate. — Obtained bj saturating dilute nitric acid witli oxide of 
stibetbyb or by dissolving stibethyl in tbe dilute acid with tbe aid of a 
gentle beat. (In tbis latter reaction^ nitric oxide is evolved, and a small 
quantity of antinionic oxide separates out.) — On evaporating tbe 
solution, tbe salt is obtained in crystals; or, if tbe acid solution be 
strongly concentrated over tbe water-batb, tbe salt separates in heavy 
oily drops wbicb solidify in the crystalline form on cooling. By dissolv- 
ing tbe salt in a small quantity of water, and leaving tbe solution to 
spontaneous evaporation, it is obtained in large rbomboidal crystals 
melting at 62 *5^^, into a transparent liquid, which at 57"^ solidifies in a 
crystalline mass. Tbe salt when more strongly boated, deflagrates like a 
mixture of nitre and charcoal. It dissolves readily in water, less easily 
in alcohol, and is nearly insoluble in ether. Tbe solutions have an acid 
reaction and bitter taste. 

Lowig <Si Scbweizer. 


12 C 

.... 72 

.... 21*18 .... 

.... 22-26 .. 

.. 21*60 

15 H 

.... 15 

.... 4*41 .... 

4*55 .. 

.. 4-02 

Sb 

.... 129 

.... 37*94 



20 

.... 16 

.... 4*71 



2N05 

... 108 

. .. 31*76 .... 

... 32*20 


(C'‘H»)3Sb0S2N05 .... 

.... 340 

.... 100*00 




Antimonite. — Formed, together with tbe oxide, by tbe gradual oxida- 
tion of stibethyl (p. 81). Tbe white fumes which stibethyl diffuses in 
the air before taking fire, consist almost wholly of tbis compound. It is 
prepared by leaving an ethereal solution of stibethyl to evaporate spon- 
taneously, and dissolving out the simultaneously formed oxide with a 
mixture of ether and alcohol; tbe antimonite then remains in tbe form of 
a white, pulverulent, amorphous body. — Has a bitter taste, and dissolves 
in water and in alcohol. Tbe aqueous solution prepared in the cold is 
perfectly mobile; but when heated, becomes viscid like starch-paste, and 
dries up to a friable mass like porcelain; water poured upon tbis mass 
dissolves the greater part, but leaves a small residue consisting of anti- 
monic oxide. — Hydrochloric acid added to tbe alcoholic solution, imme- 
diately throws down chloride of stibethyl; the acid liquid separated from 
the chloride yields with sulphuretted hydrogen a precipitate of kcrmcs; 
and on mixing it with water, a precipitate of algarotb-powder is 
obtained. (Lowig.) 






Lowig. 


12 C 

72 . 

... 13*38 .... 

..... 12*58 .. 

.. 12*67 


15 H 

15 . 

... 2*78 .... 

.... 2*70 .. 

.. 2*78 


3 Sb 

387 . 

... 71*92 .... 

.... 68*33 .. 

.. 69*04 .. 

.. 69*66 

8 O 

64 . 

... 11*92 




(C^H")"Sb02,2Sb03 .. 

538 .. 

... 100*00 





This compound was formerly regarded by Lowig & Scbweizer, as elhylo-stibylic 
acid, AeSbO**, that is to say, as an acid analogous to antimonic acid, and containing a 
radical, called ethylostihi/l^ formed of 1 At. ethyl and 1 At. antimony. 
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Sidphantimonite, — 1. Sulpliurctted Iiydrogen passed tlirougli a solu- 
tion of the antlmonitCj throws down this compound in the form of a light 
yellow precipitate having an extremely unpleasant, persistent odour, like 
that of mercaptan. —2. The compound is also formed by adding recently 
precipitated tersulphide of antimony to a solution of sulphide of stibethyl, 
the latter being in excess, whereupon the brown-red colour of the kermes 
immediately changes to light yellow. Dried over sulphuric acid it forms 
a powder of a beautiful light yellow colour, which changes to brown-red 
at the* heat of the water-bath. — When distilled over a spirit-lamp, it 
yields a liquid distillate having all the properties of sulphide of stibethyl. 
— Dilute sulphuric acid poured upon it, separates tersulphide of antimony, 
with evolution of sulphuretted hydrogen, and formation of sulphate of 
stibethyl: 

Ae3SbSV2SbS3 + 2S03 + 2HO == Ae3Sb02,2S03 + 2HS 4 * 2SbSl 

Fuming nitric acid decomposes it, with emission of light and heat 
(Lowig.) 


12 C 

... 72 . 

... 11'96 ... 

Lowig. 
11-68 

15 H 

... 15 . 

... 2-49 ... 

2*59 

3Sb 

... 387 

... 64-28 


8 S 

... 128 . 

... 21-27 ..., 

20*74 

(C<HS)3SbS^2SbS3 

... 599 . 

... 100-00 



Cyanide. Ae^SbCy^ — 2 Ai cyanide of mercury and 1 At. sulphide 
of stibethyl mixed in the state of aqueous solution, form sulphide of 
mercury, and a liquid which tastes and smells like hydrocyanic acid, 
behaves with metallic salts like cyanide of potassium, and probably there- 
fore contains cyanide of stibethyl. But it loses these characters in the 
course of 24 hours, or more quickly when heated; and if it be then boiled 
with potash, ammonia is given off in large quantity. — When iodide of 
stibethyl is added to an alcoholic solution of cyanide of mercury, the 
mercuric iodide precipitated at first redissolves after a while, and the 
solution yields a salt, in small, hard, yellow, shining crj-stals, which 
dissolve in water and alcohol, and probably consist of a compound of 
cyanide of stibethyl with iodide of mercury. Dilute hydrochloric acid 
added to a solution of this salt, throws down iodide of mercury, and 
forms hydrocyanic acid and chloride of stibethyl. (Lowig & Schweizer.) 

Stibethylium. — (C^H^)^Sb. Known as yet only in the form of an 
iodide, which is obtained by adding iodide of ethyl to stibethyl. The 
iodide crystallizes in long beautiful needles, which are easily soluble in 
water and alcohol, (Landolt.) 

Sttbmethylethylitjm, — (C^H2)^(C^H®)Sb, Obtained as an iodide by 
mixing stibmethyl with iodide of ethyl The iodide closely resembles 
the iodide of stibmethylium (VII, 326). (Landolt.) 
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Conjugated CompoimdB containing Bismuth, 

t BismethyL 

Lb WIG & ScHWEiZER (1850). Ann, Pharm. 75, 355. 

Breed. SUL Am. J, [2], 13, 404; Ann. Pharm. 82, 106; abstr. J. pr, 
Chem. 56, 341; Pharm. Centr, 1852, 445; P. Ann. Ghim. Phys, 
35, 479; Jahresler. 1852, 601. 

Dunhaupt, Chem. Gaz. 1854, 2, 61. 

BismutMde of Bthyl^ BistriethyL — Discovered by Lbwig & Schweizer; more 
fully examined by Breed and by Diinhaupt. 

Formed by tbe action of iodide of ethyl on bismuthide of potassium. 
(Lbwig & Schweizer.) 

Preparation. Bismuthide of potassium^' finely pounded, and without 
admixture of sand, is introduced into a small flask; iodide of ethyl added 
in excess; the flask closed, and immediately connected with a long 
narrow distillation-tube passing into a receiver surrounded with ice: all 
these manipulations being pei formed as quickly as possible. In a few 
minutes, the action begins; the mixture becomes heated; and the excess 
of iodide of ethyl distils over. Water free from air is then introduced 
into the flask, which is immediately closed and heated in the water-bath 
till the mass becomes soft and the iodide of potassium is dissolved. The 
same operations are repeated with a considerable number of flasks ; the 
disintegrated contents transferred as quickly as possible into a large 
flask filled with carbonic acid; shaken up several times with a large 
quantity of ether; the ethereal solution mixed with the de-aerated water; 
and the ether completely distilled off in the water-bath. The bismethyl 
remains at the bottom of the water, and is purified by distilling it with 
water (it cannot be distilled alone, without decomposition), shaking it up 
with a small quantity of dilute nitric acid to free it from oxide, and dry- 
ing over chloride of calcium. During all these operations, the air must be 
carefully excluded. (Breed.) 3 lbs. of bismuthide of potassium and 1 lb. 
of iodide of ethyl yield 4 or 5 oz. of pure bismethyl. (Diinhaupt.) 

Properties. Transparent, very mobile liquid, sometimes colourless, 
but often slightly tinged with yellow. Has an unpleasant odour like 
that of stibethyl, and its vapour, when inhaled even in small quantity, 
produces a very disagreeable burning senvsation on the tip of the tongue. 
(Breed.) 


12 C 

72 . 

... 24 , 

Breed (mean). 
24-49 

15 H 

15 . 

... 5 . 

........ 5-26 

Bi 

213 . 

... 71 . 

70-30 

(C4H5)3Bi 

300 . 

... 100 



^ Tins alloy is prepared by carbonizing at a moderate beat a mixture of 600 pts. of 
finely pounded bismuth and 180 pts. of tartar (5 pts. of bismuth and 4 pts. of tartar : 
(Diinhaupt) likewise well pulverized; the crucible is then heated in such a manner as to 
raise it to a white heat in. half-an« hour at the farthest ; after which the furnace is closed 
and left to cool. The alloy of bismuth and potassium is found at the bottom of the 
crucible in tbe form of a silver-white, crystalline button. It is very fusible, and often 
remains soft or even liquid after cooling. (See also lY, 444.) 
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Decompositions. 1. BisinetByl heated alone in a retort^ begins to boil 
at 50°; giving off a gas free from bismuth; which burns with a clear 
flame; while metallic bismuth separates out in the retort. If the heat he 
continued; the thermometer rises above 160°, and continues to rise till a 
sudden and yioleut explosion takes place, which shatters the apparatus. 
(Breed.) Decomposition begins between 32° and 42°, and explosion 
takes place at 150^. (Diinhaupt.) The dilate ethereal solution is also 
decomposed when left to evaporate in the air, leaving a white residue of 
hydrated oxide of bismuth (Diinhaupt). — 2. Bismethyl exposed to the 
air gives off thick yellow vapours and takes fire with slight explosion, 
diffusing a dense yellow smoke of bismuth-oxide; this effect is best 
shown by moistening a piece of filtering paper with the liquid and 
exposing it to the air. — 3. Fuming nitric acid decomposes bismethyl, with 
explosion and vivid combustion. — 4. Bismethyl burns in chlorine gas 
with separation of charcoal, and takes fire in contact with bromine. In 
general, its reactions resemble those of stibethyl. (Breed.) — 5. Bismethyl 
added to solutions of metallic salts (<s. g. to nitrate of silver or corrosive 
sublimate) does not simply throw down the oxide, but is itself decom- 
posed. — On adding an alcoholic solution of bismethyl to a not too dilute 
solution of protochloride of mercury, the former being poured slowly and 
with constant stirring into the latter, a very large precipitate of calomel 
is immediately obtained, and chloride of bismuth and hydrochloric ether 
are doubless formed at the same time. But if the process be reversed, 
and a hot dilute alcholic solution of corrosive sublimate be poured in a 
thin stream and with constant stirring into a dilute alcoholic solution of 
bismethyl, to which a few drops of hydrochloric acid have been added to 
prevent separation of oxide of bismuth, no precipitate is formed at first; 
but after some time a bulky precipitate appears, which however is again 
completely dissolved if the liquid be heated. The reaction is terminated 
when a drop of the liquid no longer produces a white precipitate in a 
solution of corrosive sublimate; by a little care it may be arranged that 
neither liquid shall predominate. If the liquid be then heated on the 
water-bath till it becomes perfectly clear, separated, if necessary, from a 
small quantity of metallic mercury by decantation, and then left to cool, 
light, crystalline, silvery, iridescent laminse separate out and gradually 
fill the whole fluid. These crystals consist of Chloride of HydrargetTiyl 
Hg^AeCl (p. 93); the solution from which they are deposited contains 
Chloride of Bisetliyl, BiAeCP (Diinhaupt): 

4HgCl + BiAe3 = 2(Hg2AeCl) + BiAeCP. 

Combinations. Bismethyl combines with Sulphur, Iodine, Bromine, 
&G.; but the compounds are less stable than those of stibethyl. It is 
quite insoluble in Water, sparingly soluble in ether, but dissolves readily 
in absolute alcohol. (Breed.) 

Bismethyl and Sulphur. — The sulphide of bismethyl has not yet 
been obtained in the separate state. When an alcoholic solution of 
bismethyl is boiled with flowers of sulphur, sulphide of bismuth separates; 
if the liquid be filtered whilst boiling, it deposits a small quantity of a 
yellowish brown powder which appears still to contain organic matter. — 
An ethereal solution of bismethyl saturated with sulphuretted hydrogen 
and left in a loosely stoppered bottle, deposits crystals of BiS^ having the 
metallic lustre. — Bismethyl which has been long exposed to the air 
under water, gives with sulphuretted hydrogen, first a yello'ff and after- 
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wards a brown precipitate. Tbe yellow precipitate also becomes brown 
when driedj and has the same composition as the brown^ viz. that of a 
compound of 1 At. sulphide of bismethyl wnth 2 At. tersulphiclo of 
bismuth (Diinhaupt), 

Dry. Bixnhaupt. 

X 


12 C 

.. 72 

... 8-53 .... 

.... 7-B7 .. 

.. 8-00 .. 

.. 8-00 

15 H 

.. 15 . 

... 1*78 .... 

.... 1-93 .. 

.. 1-84 .. 

1-84 

3 Bi 

.. G29 . 

... 74-52 .... 

.... 74*40 .. 

.. 73-70 .. 

.. 74-62 

8 S 

.. 128 . 

... 15*17 .... 

.... 15-20 .. 

.. 15-10 .. 

.. 15-00 

(C^H5)3BiS2,2BiS=^ 

.. 844 . 

... 100-00 .... 

.... 99-40 .. 

.. 99*64 .. 

.. 99-46 


Bismethyl and Iodine. — "When iodine is added to an alcoholic solu- 
tion of bismethyl, heat is evolved, the colour of the iodine disappears, and 
iodide of bismethyl is formed. This compound is less stable than iodide 
of stibethyl j when its alcoholic solution is left to itself for a while, 
iodide of bismuth separates out. (Breed.) — When iodine is added to an 
alcoholic solution of bismethyl, till its colour no longer disappears, a 
number of compounds are formed, some which remain in solution while 
others separate out as red or yellow precipitates. If an alcoholic solution 
of iodine be added to an ethero-alcoholic solution of bismethyl, till the 
colour of the iodine begins to be permanent, and a small quantity of 
water be then added, an amorphous precipitate, sometimes yellowish, 
sometimes reddish, is thrown down. If it be then filtered and a tolerably 
large quantity of iodine added to the filtrate, an amorphous reddish 
yellow precipitate is again produced. If this be quickly removed by 
filtration, and the filtrate mixed by constant stirring with a considerable 
quantity of water, a red precipitate of acicular crystals is immediately pro- 
duced, which while moist is quickly decomposed by light, and must therefore 
be dried in the dark; its analysis led to no decided result. (Diinhaupt.) 

An iodide having the composition or (C'^E^)^BrP + BiP [or 

(C^H®)®BiP 4* BrP] is obtained by adding iodine to a tolerably strong 
alcoholic solution of bismethyl, till its colour no longer disappeai’s, 
filtering from the precipitate, and adding to the filtrate a large quantity 
of water at 40°. A small quantity of a ruby-coloured liquid separates; and 
if the watery liquid be poured off from this, a large quantity of beautiful 
red needle-shaped crystals are formed as it cools; these must be immedi- 
ately collected and dried in vacuo. — The same compound is formed when 
bismethyl is left for a considerable time in contact with dilute nitric 
acid, and then mixed with iodide of potassium. — Sparingly soluble in 
water, but dissolves pretty readily in alcohol and ether; the solutions 
have a pale yellow colour. — The compound heated on platinum foil gives 
off a strong yellow vapour which takes fire on coming in contact with 
flame, (Diinhaupt.) 


Dunhaupt. 


12 C 

72 . 

... 5*35 .... 

.... 4-58 

.... 4-91 

15 H 

15 . 

... 1-11 ... 

.... 1*43 

.... 1-57 

3 Bi 

629 . 

... 46-73 .... 

... 46-00 

to 46-49 

5 I 

630 . 

... 46**81 .... 

.... 46-96 

to 47-17 



1346 . 

... 100-00 




Another iodine-componncl, haying the formula is contained in the 

ahoTe-ineiitioned rnby-colonred liquid j hut it is very instable. (Diinhaupt.) 

Bimeihyl and Bromine, — Bromide of bismethyl appears to be formed 
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by adding bromine to an alcoholic solution of bismetbyl; the solution 
deposits bromide of bismuth Tphen evaporated (Breed). 

A compound having the formula or BiBr + 2BiAe^ ? is 

formed when an alcoholic solution of bromine is added to an alcoholic solu- 
tion of bismethyl till the colour of the bromine no longer disappears. On 
mixing the liquid with water^ a white powder is thrown down^ and the 
liquid becomes acid. The powder when dried contains 68*88 p.c. 
bismuth and 26*88 bromine. [These quantities do not at all agree with the above 
formula^ which requires 71-23 Bi and 9-06 Br.] — The acid solution treated with 
sulphuretted hydrogen^ yields yellow precipitates which soon turn brown, 
and have the composition (C^H®)^BiS^ 4- 2BiS^ (Dunhaupt). 

N Urate of BismetliyL — Bismethyl dissolves readily in dilute nitric 
acid; and the solution when first formed contains nitrate of bismethyl, but 
when evaporated leaves nothing hut nitrate of bismuth, (Breed.) 


Bisethyi. C^H^HBi=C'H^Bi. 

Dunhaupt. Gliem. Gaz. 1854, 261. 

For the formation of this compound, see page 87. It combines with 
oxygen, sulphur, iodine, bromine, &c. in the proportion^of 1 At. bisethyl 
to 2 At, 0, S, <&:c.,* but the compounds are very difficult to obtain, in 
consequence of their great proneness to decomposition. Tbe iodide is the 
only one that is at all stable,* and even that can only he preserved when 
perfectly dry and in the dark. 

Oxide, — C^H^BiO^. — A solution of iodide of bisethyl in aqueous 
alcohol yields when mixed with ammonia, a yellowish white precipitate 
of the hydrated oxide; potash likewise throws down the same precipitate, 
but redissolves it in excess. If the precipitate formed by ammonia be 
immediately collected on a filter, washed several times with absolute 
alcohol, then pressed and dried in vacuo over oil of vitriol, it a 2 )pears, 
when examined under the air-pump, to he an amorphous yellow powder; 
but as soon as it is brought from the vacuum into the air, it ignites and 
gives ofiP a dense yellow vapour. — This oxide appears also to bo formed 
by the spontaneous oxidation of bismethyl, that radical being first con- 
verted, with elimination of 2At. ethyl, into oxide of bisetbyl, and ulti- 
mately into hydrated oxide of bismuth, BiOV3HO. 

Sulphide, — Obtained by treating the iodide with sulphuretted 
hydrogen. 

Sulphate, — By treating the iodide with sulphate of silver. 

Iodide, — C^H^BiP. — When iodide of potassium is added to the 
solution of chloride of bisethyl obtained by treating corrosive sublimate 
with bismethyl (p, 87,) the liquid acquires a yellowish-red colour, with- 
out becoming turbid. On adding water till turbidity is produced, then 
heating the liquid on the water-bath till it becomes perfectly clear, 
and allowing it to cool gradually, the iodide of bisethyl separates in 
beautiful, golden-yellow, six-sided laminae, which must be pressed between 
blotting paper and dried in yacuoj they then possess a perfect golden 
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lustre. Scarcely soluble in water, and sparingly in ether, to which it 
imparts a pale yellow colour; but dissolves pretty readily in alcohol even 
when hydrated. Stable when kept in the dark and perfectly dry; but if 
it be left for some time under the mother-liquor, which still contains 
excess of iodide of potassium, the red crystals disappear, and are con- 
verted into small, black, metallic, crystalline granules of iodide of bis- 
muth, BiP, the supernatant liquid retaining a strong yellow colour. 


4 C 

24 . 

... 4'87 .... 

Diinhaupt. 

5*21 

5 H 

5 . 

... 1*01 .... 

1*35 

Bi 

213 . 

... 43*11 .... 

.... 41*96 to 42*49 

21 

252 . 

... 51*01 .... 

. 50*20 „ 51*60 

CWBiP 

494 . 

... 10000 



Chloride. — Contained in the alcoholic solution obtained by the 
action of bisethyl on protochloride of mercury. The solution evaporated 
on the water-bath to a small residue remains perfectly transparent ; but 
on cooling a small quantity of chloride of hydrargethyl separates, and 
must be got rid of by filtration. On leaving the filtrate to evaporate 
spontaneously, crystals are obtained, consisting in all probability of 
chloride of bisethyl. They do not however dissolve completely in water, 
but leave a white powder. Iodide of potassium added to the dissolved 
portion throws down iodide of bisethyl. 

nitrate. — Obtained by adding nitrate of silver to the solution of the 
iodide. (Diinhaupt.) 


IF Zincethyl or Zincetliyliiim. C^H5Zn=C^H^ZnH=:C^H^Zn. 

Frakklaxd. Fhil, Tran^. 1852; rid. also Memoirs cited on 
page 91.) 

Formed, together with iodide of zinc and free ethyl, when granulated 
zinc is heated with iodide of ethyl in a sealed tube (VIL, 171; VIIL, 
168, 36i): 

cmn { 2Zn -= Znl + C^H^Zn. 

On opening the tube, a quantity of gas escapes, after which the zinc- 
ethyl may be distilled at a gentle heat in an atmosphere of hydrogen, 
and collected in small glass bulbs terminating in capillary tubes> 

Transparent, colourless, strongly refracting liquid, having a peculiar 
pungent odour. 



Calculation. 


4 C 

24*0 

39*22 

6 H . . . . 

5*0 

8*17 

Zn. .. 

32*2 

52*61 

Cm^Zn 

61*2 

.... 100-00 


Zinc-ethyl resembles zinc-methyl (YII, 329) in its chemical reactions, 
hut is less energetic. It oxidizes in the air, but does not take fire spon- 
taneously, unless a considerable quantity of it bo exposed to*the air. In 
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contact with water, it is immediately resolved into oxide of zinc and 
hydride of ethyl: 

Cm^Zn + HO = ZaO + 

When left to oxidize slowly, it forms a white amorphous oxide. Com- 
bines also directly with iodine, bromine, and chlorine. 


IF Conjugated Compounds containing Tin: Stannethyls. 

Feankland. jPM. Trans. 1S52; Fhil. Mag. J. [4], 5, 239; Ann.PKaTm, 
85, 829; J. pr. Chem. 58, 421; abstr. Cliem. Soc. Qu. J. 6, 57; 
Jahresher. 1852, 569. 

Cahours & Riche. Compt. rend. 35, 91; Tistit 1852, 229; Ann, 
Fhai^m. 84, 333; Jahresher. 1852, 576. 

Lowig. Mittheel. d. naturforsch. Gesellsch. in Zilrick, Oct. 1852; J. pr, 
Chem, 57, 385; Chem. Gaz. 1853, 101, 126, 149, 170 ; abstr. 
Ann. Fharm. 84, 308; W. Ann Chim. Fhys. 37, 343; M. J. 
Fliarm. 23, 234; Jahresher. 1852, 577. 


Frankland obtained stannethyl in the form of an iodide, C^H®Sn,I, 
by the action of tin on iodide of ethyl, under the influence of light or 
heat. The same product has been obtained in a similar manner by 
Cahours and Riche; and Lowig, by acting upon an alloy of tin and 
sodium or potassium with iodide of ethyl, has obtained the same radical, 
together with several others, partly in the free state, partly combined 
with iodine, viz. : — 


Stannethyl .... 

l-stannethyl or Methylene-stannetliyl 
|-stannethyl or Ethylene-stannethyl 
|-stannetbyi or Aceto -stannethyl 
l-stannetbyl or Methylo- stannethyl 
^-stannethyl or Ethylo-stannethyl 
^-stannethyl 


C^H5Sn = AeSn 
. .. A#Sn2 
. . Ae-^Sn^ 
.... Ae^Sn** 
.... Ae3Sn3 
.... Ae^Sn^ 
.... Ae^Sn® 


Lowig regards these compounds as analogous to hydrocarbons. 

For the simultaneous formation of the radicals and their iodides, Lowig suggests 
the two following explanations : (1.) Iodide of ethyl and stannide of sodium first form 
stannethyl and iodide of sodium (Lowig ascertained that no iodide of tin is formed); the 
stannethyl then acts upon another portion of iodide of ethyl, forming iodide of stann- 
ethyl ; and the ethyl thns set free combines with the excess of tin, reproducing stannethyl. 
"Whether the iodide of stannethyl is reduced or not and the stannethyl contained in it set 
free, depends upon the greater or smaller quantity of sodium present. — (2.) The 
reaction takes place between 2 At. iodide of ethyl, 2 At. tin, and 1 At. sodium. 

2C^H5I + 2Sn + Na == OT'^Sn + C^tPSnl + Nal, 

the iodide of stannethyl being wholly or partially reduced according to the excess of 
sodium present. Other proportions between the quantities of the acting substances give 
rise to the formation of the other stannethyls and tiieir iodides. 


Pbospbide of tin and iodide of ethyl yield iodide of stannethyl, iodide 
of methylene stannethyl, (C^H®/Sn“I, and one of the liquid iodides 
obtained by Ldwig (p. 94). “ ■ ' 



92 


ETHYLENE: PEIMAEY NUCLEUS C^H^. 


Preparation, according to Lowig. — Stannide of sodinm prepared by 
fusing 6 parts of tin with 1 pt. of sodium^ is finely pulverized^ and mixed 
with quartz-sand in the proportion of 1 pt. of tbe alloy to pts. of 

sand; the mixture quickly introduced into a number of glass flasks of 
3 or 4 ounces capacity; and a quantity of iodide of ethyl added, sufficient 
to form a thick paste : the flask is then briskly shaken, and a distillation- 
tube adapted to it. The action commences in a few minutes, and is 
completed the more quickly in proportion as the alloy is richer in sodium. 
The beat which it develops is sufficient to cause the excess of iodide of 
ethyl to distil over, after v/hich, the flask wdiile yet warm is closed air- 
tight; after the mixture has cooled, the treatment with iodide of ethyl is 
renewed, and the same operations repeated till a sample of the contents of 
the flask no longer gives off hydrogen when thrown into water. The 
dry, dusty, yellowish, stinking mass obtained in this manner from several 
flasks, is then transferred to a bottle filled with ether (from 4| to 5 pounds 
to the contents of 16 flasks), left to stand for an hour or two, and fre- 
quently shaken; after which, the dark brown ethereal solution is poured 
into a bottle filled with carbonic acid, and left to stand for half an hour 
or an hour, whereupon, especially if there were any air in the bottle, a 
brown substance, which dries up in the air to a white inodorous mass, 
separates out. The ethereal solution contains five or six organic radicals 
and a number of iodine-compounds, the quantity of the latter being 
greatest when the flask does not contain any undecomposed iodide of 
sodium. 

General Properties of the Stannethyls. — These compounds are at 
ordinary temperatures, viscid liquids, like turpentine or palm-oil. They 
have a faint odour like that of rotten fruit, and when rubbed between 
the fingers, impart a strong smell of tin; their taste is disagreeably sharp 
and burning. They are insoluble in water and exhibit no adhesion to it; 
insoluble or sparingly soluble in alcohol, but dissolve readily in ether; 
their iodides are readily soluble in alcohol, even when hydrated. Tlie 
stannethyls do not take fire spontaneously, or even fume when exposed 
to the air; when set on fire, they burn with a very bright flame, emitting 
sparks and diffusing a thick white vapour of stannic oxide. When 
the ethereal solution of these radicals is left to evaporato in the air, 
they oxidize, some of them being converted into white amor2)hous 
powders, others into syrupy liquids wffiich crystallize after a while. Tlio 
former oxides are nearly inodorous; insoluble in water, alcohol, and 
ether; form cry stall izable salts; and are precipitated from their solutions 
by ammonia; — the latter have a very powerful odour like that of oil of 
mustard; dissolve sparingly in water, but readily in alcohol and ether; 
form liquid haloid compounds; have very strong basic properties; and 
separate ammonia from its salts. — All the stannethyls take Are and 

* To prepare this alloy, 6 pts. of tin are fused in an eaitben crucible, 1 pt. of 
sodium still moistened with rock-oil added by small portions, and tbe mixture well 
stirred with an iron rod. The small quantity of naphtha adhering to the sodium, takes 
fire, and the gases produced by the combustion prevent the access of air to the mixture. 
The mixture when cooled forms a silver-white, crystalline alloy, easier to pulverize and 
less oxidable tlian the corresponding alloy of potassium ; it must be preserved in a 
stoppered bottle filled up with quartz-sand. — The alloy obtained by fusing 3 or 4 pts. 
of tin with 1 pt. of sodium dilates considerably in solidifying, often breaking the 
crucible. The former alloy is by far the more convenient for preparing the stannides of 
ethyl. 



STANNETHYLS. 


93 


explode on tlie addition of a few drops of faming nitric acid; witli dilute 
nitric acid, tliey give off nitric oxide, and are converted into nitrates. 
They exhibit generally the character of electro-positiye metals, uniting 
readily with iodine, bromine, chlorine, &c.; the union with bromine and 
chlorine is attended with momentary combustion. With liydracids, e, y., 
with hydrochloric acid, they evolve hydrogen and form haloid salts. — 
The ethereal solution of the stannethyls added to an alcoholic solution 
of nitrate of silver, immediately throws down metallic silver in the form 
of a black powder; the iodides form a yellow precipitate of iodide of 
silver. (Lowig.) 

Separation of the individual radicah, — a. The ethereal solution was 
mixed with -j-V tV absolute alcohol and the liquid distilled over the 
water-bath. After all the ether had passed over, there remained in the 
retort a dark red, nearly black mass (A), of the consistence of turpentine, 
which was a mixture of several stannides of ethyl. The hot alcoholic 
solution decanted into a vessel filled with carbonic acid deposited after 
24 hours, a yellow oil (B). — To the alcoholic mother-liquor from which 
this oil had been deposited, water was added drop by drop, till a sample 
of the liquid no longer reduced an alcoholic solution of nitrate of silver, 
but threw down a precipitate of pure iodide of silver; a colourless oil 
(C) wms then deposited. — The remaining alcoholic liquid (D) contained 
nothing but the iodides of the stannethyls. 

The mass A dissolved but sparingly in alcohol, even at a boiling heat, 
and separated out again completely on cooling. The dark red ethereal 
solution became colourless on the addition of a small quantity of alcohol, 
and deposited a black greasy mass, probably containing the radical 
(C^H®)^Sn®. — The decolorized ethereal solution evaporated out of contact 
of air, left a nearly colourless viscid liquid of sp. gr. 1*654, which 
dissolved readily in ether, and was gradually but not completely preci- 
pitated by alcohol. The compound thus precipitated was Stannethyl, 
C^PPSn. 

The yellow’ oil B separated after a while into two layers, the lower of 
which consisted chiefly of stannethyl. The upper, greenish yellow, 
viscid stratum wms dissolved in ether and shaken up with strong potash, 
whereupon a thick black mass separated, containing stannethyl and 
Acetostannethyl (Q^H^)^SiP. The ethereal solution still contained the 
same two radicals, which, after the ether was evaporated, remained in 
the form of a colourless, oily liquid. On converting these radicals into 
iodides, dissolving the iodides in alcohol, and leaving the solution to 
evaporate, the iodide of acetostannethyl crystallized out first, and then 
the iodide of stannethyl. 

The different portions of the liquid C were more fluid and volatile, 
the later they were separated out during the gradual addition of w’ater. 
The first portions consisted chiefly of stannethyl ; the latter portions 
yielded syrupy iodides having a very oflfensive odour, and these, after 
standing for some time, yielded rhombic crystals of iodide of Ethylene^ 
stannethyl (C^FP)^Sn^. — The syrupy liquid separated from the crystals 
contained several volatile iodine-compounds, which could not be com- 
pletely separated by fractional distillation with water. The first and 
more volatile portion of the distillate was decomposed with recently 
precipitated oxide of silver; and the strongly alkaline alcoholic liquid 
filtered from the iodide of silver, left, when evaporated, a few mammeL 
lated and a large number of prismatic crystals, consisting of the hydrated 
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oxides^ tlie former of Etlylostannethyl tlie latter of Methylo- 

stannethyl (C^H®)®Sn®. The more viscid portion of tLe distillate whicli 
“afterwards passed over, yielded by similar treatment a small number 
of tbe prismatic and a large number of tbe mammellated crystals. Tbe 
separation of tbe two radicals is rendered more complete by converting 
them into sulphates, tbe sulphate of etbylostannetbyl being less soluble 
in alcohol than the sulphate of metliylostannethyl. 

The solution D contained the iodides of the radicals, in quantity 
varying according to the composition of the stannide of sodium, and the 
relative quantities of the alloy and of iodide of ethyl used in the prepa- 
ration. An alloy of 1 pt. of sodium to 6 pts. of tin, mixed with an 
equal weight of quartz-sand, and added in excess, yielded no iodides, 
but only the free radicals; but when alloys were used containing a larger 
proportion of sodium, and the iodide of ethyl was added in excess, 
iodides of the radicals were always formed. Some of these compounds 
were crystallizable, and after exposure to the air for some time, inodo- 
rous; others were liquid, generally oily, and had a powerful odour. The 
former were sometimes formed in such quantity, that they partly sepa- 
rated in the crystalline form, together with the radicals, from the ethero- 
alcoholic solution (p. 93); after the distillation of the ether, they may 
be separated from the radicals by their solubility in cold alcohol. 
Generally, however, they remained in solution, and were then found in 
the alcoholic liquid D, from which the radicals had been precipitated by 
the gradual addition of water* This liquid, abandoned to spontaneous 
evaporation, frequently yielded at first small hard crystals, sparingly 
soluble in alcohol, and separating in tables from the hot alcoholic solution: 
these consisted of iodide of MetJiylene-stannethyl, (C^H®)^Sn^I; afterwards 
a considerable number of needle-shaped crystals of iodide of aceto- 
stannethyl generally separated in stellate groupes; and after complete 
evaporation, there remained a fluid mass, sometimes comparatively thin, 
sometimes viscid. On dissolving this liquid mass in alcohol, agitating 
the solution with ether and a sufficient quantity of water to separate the 
ether, and evaporating the ethereal solution, rhombic tables of iodide of 
ethylene-stannethyl separated from the residue, whilst iodide of methylo- 
stannethyl and iodide of etbylostannetbyl remained in the oily liquid; 
the diluted alcohol likewise retained iodide of stannethyl in solution. 
(Ld-wig.) 

5. When it is desired to obtain, not the radicals themselves, but cer- 
tain of their compounds, the following methods of separation are 
preferable to the one just given. 

1. To the ethereal solution of the products obtained by the action of 
iodide of ethyl on stannide of sodium (p. 92), iodine is added as long 
as it is dissolved and its colour destroyed, after which the liquid is 
mixed with alcohol, and the ether completely distilled off. The iodides 
are converted into oxides by mixing the alcoholic solution with recently 
precipitated oxide of silver previously washed with alcohol. The result- 
ing oxides of metliylostannethyl and etliylostaunethyl are soluble in 
alcohol; those of the other radicals are insoluble, and go down witb tbe 
iodide of silver. After filtering and washing witb alcohol, the alcoholic, 
strongly alkaline liquid is exactly neutralized with sulphuric acid pre- 
viously diluted with alcohol; the sulphates of methylostannethyl and 
etbylostannetbyl, which crystallize out by spontaneous evaporation, are 
separated by recrystallization; the pure salts redissolved in alcohol, and 
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decomposed with an exactly equiralent quantity of haryta-water; and 
the solutions of the pure oxides used for the preparation of the other 
salts. — The residue on the filter (consisting of iodide of silver, excess 
of oxide of silver, and insoluble oxides of radicals), is mixed with alcohol 
to the consistence of a thin paste; strong hydrochloric acid mixed 
with alcohol gradually added till slightly in excess; and the alcoholic 
solution of the chlorides of the radicals separated from chloride and 
iodide of silver, which is best effected by pressure between fine linen. 
This solution, when left to evaporate, deposits successively the chlorides 
of methylene-stannethyl, acetostannethyl and ethylene-stannethyl, from 
which the pure oxides may be precipitated by ammonia (not by potash). 
— Or, the alcoholic solution of all the iodides is mixed with strong 
ammonia, which throws down all the oxides excepting those of methylo- 
stannetiiyl and ethylo-stannethyl; the white precipitate collected on a 
filter, washed with alcohol, and dissolved in hydrochloric or some other 
acid (which must, however, be mixed with alcohol); and the individual 
salts obtained by fractional crystallization. The alcoholic filtrate still 
contains the iodides of methyio-stannethyl and ethylo-stannethyl : on 
mixing it with water and agitating with ether, the ether takes up 
the iodides, which must then be treated with oxide of silver as 
above. 

2. The ethereal solution of the radicals and their iodides is mixed 
with alcohol till the radicals begin to separate out, after which an alco- 
holic solution of nitrate of silver is added, care being taken to avoid an 
excess. Before filtering, the liquid is placed in a moderately warm 
situation till the ether is completely volatilized, whereupon the nitrates 
of certain radicals, which are insoluble or only sparingly soluble in 
alcoholic ether, redissolve. The liquid is then filtered; tho filtrate 
slowly evaporated to dryness over the water-bath; and the residue treated 
with ether, which leaves undissolved some small white crystals; and on 
dissolving these crystals in hydrated alcohol and slowly evaporating the 
solution, crystals of nitrate of acetostannethyl are first obtained, and 
afterwards crystals of nitrate of stannethyl. The ethereal solution yields 
by evaporation a crystalline mass and an oily liquid, which becomes opaque 
and solid on cooling. The crystalline mass is a mixture of nitrate of 
ethylene-stannethyl, nitrate of acetostannethyl, and a small quantity of 
nitrate of stannetliyl. The varnish-like residue consists of nitrate of 
methyl ostann ethyl and nitrate of ethylostannethyl; on dissolving it in 
absolute alcohol and digesting with carbonate of baryta, the bases 
remain dissolved in the alcohol, and may be obtained in crystals by 
evaporation. 

3. The ethereal solution of the radicals and iodides is mixed with 
alcohol, and the mixture left to evaporate in a wide glass vessel. A 
slow oxidation of the radicals then takes place; and the oxides which are 
insoluble in alcohol, separate out as a white powder, while the iodides 
and the oxides of methylostannethyl and ethylostannethyl remain 
dissolved in the alcohol. The separated oxides are then dissolved in 
alcoholic hydrochloric acid, and the resulting chlorides separated by 
crystallization. The separation of the iodides and of the oxides of 
methylostannethyl and ethylostannethyl is effected in the manner already 
described. (Lbwig.) 
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f Stannethyl or StannetliyliuTn. c^H®Sii=CWSnH=C^H5,Su. 

Preparation. 1. By tlie action of zinc on a salt of stannetliyl. A 
strip of zinc immersed in a solution of chloride of stannetliyl; soon 
hecomes coyered with dense yellow oily drops, which finally separate 
from the lower extremity of the zinc, and accumulate at the bottom of 
the vessel. The formation of the oily liquid is much favoured by a 
gentle heat. It is purified by washing with water, and drying over chlo- 
ride of calcium. (Frankland.) — 2. Stannetliyl is also found in the free 
state, among the products of the action of iodide of ethyl on stannide of 
sodium. (Lowig, pxj. 91-95.) 

Properties. Thick, heavy, oily liquid, probably colourless when pure, 
but generally exhibiting a yellow or brownish yellow colour. (Frank- 
land, Lowig.) Has a very pungent odour, resembling that of its com- 
pounds, but much more powerful. (Frankland.) Sp. gr. 1*558 at 15^ 
(Lowig.) Does not solidify at — 12°. (Lowig.) Begins to boil at 150°, 
depositing metallic tin, and yielding a colourless distillate which has a 
peculiar odour, and probably consists of (C^H^)^Sn. (Frankland.) Inso- 
luble in water, soluble in alcohol and ether. (Frankland.) Sparingly 
soluble in alcohol, readily in ether. (Lowig.) 

Frankland. Lowig. 

4 C 24 .... 27*27 26*95 27*00 to 28*07 

5 H 5 .... 5*68 5*51 5*83 „ 6*00 

Sn 59 .... 67-05 66*89 

CWSn 88 .... 100*00 

Oxide. — Stannetliyl exposed to the air, either in the free state or 
dissolved in ether, rapidly absorbs oxygen, and is converted into a white 
pulverulent oxide. (Lowig). The oxide is also precipitated by ammonia 
from solutions of the salts. (Frankland, Lowig.) 

Cream-white amorphous powder, closely resembling stannic oxide, 
but not so heavy; has a peculiar slightly ethereal odour and a bitter 
taste. (Frankland.) White, non-volatile powder, destitute of taste and 
smell. (Lowig.) 





Frankland. 

Lowig. 

4C 

24 . 

... 25*00 .. 

25*09 

... 25*09 

5 H 

5 . 

... 5*21 .. 

5-18 

.. 5*47 

Sn 

59 , 

... 61*46 .. 

61*99 


O 

8 . 

... 8*33 



OH^SnO ....... 

96 . 

... 100*00 




^ Oxide of stannethyl heated in the air, takes fire and burns with a 
bright flame, giving off dense fumes of stannic oxide. It is insoluble 
in water, alcohol, and ether, hut dissolves readily in acids, forming 
crystallizable salts. (Frankland.) According to Lowig, they crystallize 
with difficulty. — The reactions of these salts closely resemble those of 
the stannic salts. Ammonia precipitates the oxide permanently; potash 
also precipitates it, but redissolves it in excess. (Frankland, Lowig, 
CahourSj and Riche.) All the salts are inodorous, soluble in water and 
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alcohol, and sparingly in ether. (Lowig.) Those which contain strong 
acids exhibit an acid reaction. 

Sulphide. C^H®SnS. — Formed by passing sulphuretted hydrogen 
throngh a solution of a stannethylic salt: 

AeSnO + HS AeSnS HO. 

White precipitate, insoluble in dilute acids and in ammonia, but soluble 
in strong hydrochloric acid and in solutions of the fixed alkalis and 
alkaline sulphides. Has a yery pungent and repulsive odour like that of 
decaying horse-radish. When heated, it melts, froths up. and decom- 
poses, giving off vapours wliich have a most insupportable odour. 
Heated with nitric acid, it is decomposed and stannic oxide formed. 
(Frankland.) 

The Oa7'honate and Phosphate of stannetliyl are insoluble in water, 
(Cahours & Riche.) 

Sidphate^ Obtained by decomposing the iodide with sulphate of 
silver. Crystallizable, soluble in water and alcohol. (Lowig.) Crystal- 
lizes in small nacreous scales. (Cahours & Riche.) 

Lowig, 


4C 24 ... 17-64 17-20 

5 H 5 .... 3-67 3-9Q 

Sn 59 .... 43'40 

O 8 .... 5*88 

S03 40 .... 29-41 28-78 


C^H5Sn0,S03 136 ... lOO'OO 

Iodide. — 1. Formed by adding iodine to an ethereal solution of 
stannetliyl as long as its colour is destroyed, and leaving the solution to 
evaporate, (Lowig.) — 2. By the action of tin on iodide of ethyl. 
When iodide of ethyl and metallic tin are placed together in sealed tubes, 
and exposed to the action of heat or to the direct rays of the sun, the tin 
gradually dissolves, and the liquid is ultimately converted into a mass of 
nearly colourless crystals. The reaction is most conveniently effected by 
the influence of light, an excess of tin cut into narrow strips being em- 
ployed. The sealed tubes containing the ingredients, should be placed 
near the focus of a large parabolic reflector, the temperature being pre- 
vented, if necessary, from rising too high, by immersing the tubes in 
water, or in a solution of sulphate of copper. Ihe iinconcentrated rays 
of the sun, or even diflused daylight, are quite sufficient to determine 
the formation of the crystalline body; but an exposure of several weeks, 
or even months, would be necessary for the completion of the change 
which, hj the use of the reflector, is effected in a few days of bright 
sunshine. The liquid gradually assumes a straw-yellow colour,- but its 
solidification must be prevented as long as possible towards the close of 
operation, by allowing the temperature to rise to 35° or 40°: nearly all 
the iodide of ethyl then enters into combination with the tin. When 
heat instead of light is employed to effect the combination, the tubes 
should not be more than half an inch in diameter, and to avoid risk of 
explosion, shouhl be only one-fourth filled with the materials; combina- 
tion then takes place at about 1 80°, The product is the same, whether 
Iieat or light be employed; but the agency of light is the more conve- 
VOL. IX. II 
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nient of tlie two. Tlie crystalline product, wMcli consists of iodide of 
stannetlijl, is dissolyed in boiling alcohol^ and the solution evaporated 
in vacuo. — This reaction is always attended with the production of a small quantity 
of gas, consisting of olefiant gas and iodide of ethyl, proceeding from a secondary 
action. (Vid. VIII, 361.) (Franldand.) — Cabours & Riche likewise prepare 
the iodide of stannethyl by heating iodide of ethyl with tin-foil in a 
sealed tube to a temperature between 160° and 180°, and extracting 
with alcohol. 

Crystallizes in transparent, slightly straw-coloured needles, which 
have the form of right rectangular prisms, often of an inch broad 
and 2 or 3 inches long (Frankland). — Beautiful colourless needles, often 
4 inches long (Lowig). Long shining needles, having a slight yellowish 
tint when partially decomposed, as by exposure to sunshine, but becoming 
colourless after pressure between bibulous paper. (Cabours & Riche.) ^ Has 
a peculiar pungent odour, somewhat like that of oil of mustard, and irritates 
the eyes and lining membrane of the nose, causing a discharge which 
continues for several hours or even days, especially if the vapour from 
the heated compound be inhaled. (Frankland.) Nearly inodorous when 
pure, hut before purification, has a strong odour like that of turnips. 
"(Cabours & Riche.) Melts at 38° (Cab. Sc Riche) j at 42° (Frankland) 
forming a colourless oil. Not perceptibly volatile at ordinary tempera- 
tures, inasmuch as a few grains may he exposed to the air for several 
weeks without loss of weight. (Frankland.) When slowly heated above 
its melting point, it sublimes in beautiful, long, colourless needles. 
(Lowig; Cabours & Riche.) Boils at 240°, with partial decomposition. 
(Frankland.) Dissolves sparingly in cold water and alcohol (Frankland; 
Cabours & Riche) ; but when heated with water, it is converted into a 
colourless oil which sinks in the water and gradually dissolves. (Cabours 
& Riche.) The aqueous solution is decomposed by boiling, oxide of 
stannethyl being precipitated and hydriodic acid formed. (Frankland.) 
Dissolves readily in boiling alcohol, and still more in ether. (Frankland; 
Cabours & Riche.) The solution behaves with salts of lead, silver, 
mercury, &c. just like iodide of potassium. (Cabours & Riche.) 





Frankland. 

Lowig. 

Cah. & Riclie. 

4 C 

. 24 

... 11*22 .. 

11*19 

... 11-18 

11-06 

5 H 

5 .. 

.. 2*33 .. 

2*.33 

... 2-34 

2-48 

Sn 

.. 59 . 

... 27*57 .. 

27*12 



I 

.. 126 - 

... 58*88 .. 

.... 58-76 

. 58-89 . 

58*22 

C^H^Snl .. 

.. 214 , 

... 100*00 .. 

.. . . 99*40 




Bromide, — Prepared like the iodide (Lowig) ; by mixing the alco- 
holic solutions of stannethyl and bromine. (Frankland.) * Crystallizes by 
spontaneous evaporation in long white needles resembling the iodide in 
appearance and in chemical reactions (Lowig, Frankland) : 





Frankland. 

Lowig. 

4C 

24 

... 14*28 .. 

14*32 ... 

14*08 

5 H 

5 .. 

... 3*00 .. 

2*95 ... 

..... 3*12 

Sn 

59 . 

.. 35*12 



Br 

80 .. 

47*60 .. 


47*36 

C-^H^SnBr 

168 . 

... 100*00 




CMoidde, Prepared by dissolving oxide of stannethyl in dilute hydro- 
chloric acid. On evaporating at a gentle heat (Frankland), or by spon- 
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taneous evaporation (Lowig), the chloride crystallizes in long colourless 
needles^ isomorplious with the iodide. Melts somewhat above S0°, and 
when quickly cooled, solidifies in an amorphous mass. (Lowig.) More 
volatile and more pungent than the iodide. (Frankland.) Very volatile, 
and sublimes below its melting point in fine hard crystalline needles. 
(Lowig.) In its chemical relations it resembles the iodide and bromide. 

Lowig. 


4 C 

24-0 . 

... 19*43 .... 

.... 18*70 to 18*80 

5 H. 

5-0 . 

... 4*05 .... 

... 4*80 „ 4-00 

Sn 

59-0 . 

... 47*78 

Cl 

35-4 . 

... 28*74 .. . 

.... 28*30 „ 28*25 

C^H'^SnCl 

123*4 . 

... 100*00 



Nitrate, Obtained by dissolving the oxide in dilute nitric acid (Lowig), 
or by decomposing the iodide with nitrate of silver. (Lowig; Cahours 
Eiche.) Forms tolerably large crystals, which melt when heated and 
burn away with slight detonation (Lowig): 


4 C 

24 .. 

.. 16*00 ... 

Lowig. 
.... 15*66 

5 H 

5 .. 

.. 3*33 ... 

.... 3*13 

Su 

59 .. 

.. 39*34 


0 

8 .. 

.. 5*33 


N05 

54 .. 

.. 36*00 .... 

..... 34*93 


C^H5Sn0,N05 150 .... 100*00 


The Formiate and Acetate of stannethyl are soluble in water and 
crystallizable. (Cahours & Riche.) 

Stannmethyl is formed by tbe action of tin on iodide of methyl, assisted by light 
or heat. Its compounds resemble those of stannethyl, (Frankland, Cahours & Riche.) 


IT Methylene-stannetliyl. (C*H=)^Sn®. 

This compound is polymeric with stannethyl. It does not occur in 
the free state among the radicals produced by the action of iodide of ethyl 
on stannide of sodium, but was obtained as an iodide in the manner 
already described (p. 94). 

Oxide, (C^H®)®Sn®0. — Precipitated from the solutions of its salts by 
ammonia. Resembles oxide of stannethyl. 

Iodide, — Preparation (p. 94). Cahours & Riche have likewise obtained 
this compound, together with iodide of stannethyl, by the action of tin 
on iodide of ethyl; also by the action of phosphide of tin on iodide of 
ethyl. {Ann.Fharm. 88, 318.) 


8C 

48 .. 

.. 15*90 .... 

Lowig. 
.... 15*13 .... : 

10 H 

10 .. 

.. 3*31 .... 

.... 3-32 .... 

2Sii 

...... 118 

.. 39*07 


I 

126 .. 

.. 41*72 .... 

41*25 

(C^H‘)=Sa=I 

302 • .. 

.. 100-00 



H 2 
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Chloride, Obtained by dissolving tbe oxide in bydrocbloric acid. 
Sparingly soluble in alcohol. Crystallizes from the hot alcoholic solution 
in shining white laminae. (Lowig.) 


8 C 

48-0 . 

... 22'71 ... 

Lowig. 
.... 21-24 

10 H 

10-0 . 

... 4-73 ... 

.... 4-96 

2 Sn 

118-0 . 

... 65-82 


Cl 

. ... 35*4 . 

... 16-74 .... 

.... 16-95 

(cm^ysn^ci 

..... 211-4 . 

... 100-00 



f Ethylene-stannetliyl or Elayl-stannethyl. (C^H®/Sn^. 

Also polymeric with stannethyl. Found among the radicals which 
are precipitated by water from the cold alcoholic solution, after the 
greater part of the stannethyl and acetostann ethyl have separated out. 
(p. 93.) By fractional precipitation, a portion may be obtained consisting 
chiefly of ethylene-stannethyl, perfectly colourless, oily, and of sp. gr, 
1*410. 

Oxide, — (C^H^)^Sn*0. — Snow-w^hite, amorphous powder, resembling 
oxide of stannethyl; perfectly insoluble in water, sparingly soluble in 
boiling alcohol ; more abundantly in ether, but separates from the solu- 
tion in the form of an amorphous powder. With acids it forms colourless 
s.alts, which are soluble in alcohol and ether, but are precipitated from 
their alcoholic solutions by a large quantity of water, a property which 
distinguishes them from the salts of stannethyl. Ammonia throws down 
the oxide as a permanent flocculent precipitate; potash also precipitates 
it, but redissolves it in excess. The salts in the dry state are greasy to 
the touch like camphor, and have a faint but peculiar odour. 

Iodide. Preparation, (pp. 93, 94). Generally crystallizes in rhombic 
tables, but frequently also in scaly and acicular crystals; unctuous to the 
touch and very friable. Perfectly insoluble in water, but eauily soluble 
in alcohol and ether. 

Lowi^. 


16 C 

.... 96 

.... 20-08 .... 

.... 19-14 to 19-71 

20 H 

..... 20 

.... 4-18 .... 

.... 4-22 „ 4-52 

4 Sn 

.... 236 

.... 49-38 .... 

49-22 

I 

.... 126 

... 26-36 ... 

... 25-10 to 26-51 



.... 478 

.. . 100-00 



bromide. — Obtained by saturating with bromine the mixtui’e of 
radicals precipitated by water from the ethero-alcoholic solution (p, 93) 
and leaving the solution to evaporate; the crystals which form in the 
oily^ residue must be pressed and recrystallized from ether; the last 
portions which separate out consist of bromide of ethylene-stannethyl, 
which may be purified by repeated crystallization from ether (Lowig): 

LQwig. 


16 

C 

96 .. 

.. 22-22 .... 

.... 21-40 .. 

.. 22-22 

20 

H 

20 .. 

.. 4-63 

.... 4-56 .. 

.. 4-78 

4 

Sn 

236 .. 

.. 54-63 


- . 

Br 

80 . 

. 18-52 

.... 

18*08 


(C-^H^)-*Su-»Br 432 .. . 100-00 
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Chloride. — Crystallizes out last wlien the solution of the mixed oxides 
(p. 95) in alcoholic hydrochloric acid is left to eyaporate. Resembles the 
preceding compounds. 

Nitrate. — Obtained by dissolving the last portions of the mixed 
radicals precipitated by water from the cold alcoholic solution (p. 93) in 
a mixture of alcohol and ether; mixing the dissolved radicals with a 
quantity of nitrate of silver exactly sufficient for their transformation; 
filtering the liquid from the silver-precipitate; and evaporating at a 
gentle heat. The oily residue, after a while, yields crystals which are 
only partially soluble in ether. The dissolved portion consists of nitrate 
of ethylene-stannethyl which crystallizes out from the ethereal solution ; 
but it is only the last portions that consist of the pure compound. 
(Lowig.) 




.... 23*14 .... 

Lowig. 

20 H 

. 20 .. 

.... 4*83 .... 

.... 5-02 

4 Sn 

. 236 .. 

.... 57-01 


O 

8 .. 

.... 1*98 


N05 

. 54 .. 

.... 13-04 ..., 

13*43 

(C<HS)^Sii-‘0,N05 ... 

. 404 ... 

100-00 



K Acetostannetliyl, 

Separates from the alcoholic solution of the radicals (p. 93) after it 
has been freed from ether and cooled. It likewise constitutes the first 
portion of the mixture of radicals precipitated on adding water to the 
cold alcoholic solution. It has not been obtained quite pure. 



Calculation, 


12 C 

72 

22*29 

15 H 

15 

4*64 

4 Sn 

236 

73-07 



323 

.... 100-00 


Oxide . — Precipitated from the iodide by ammonia as a white amorphous 
powder, soluble in aqueous potash. In its chemical relations, it stands 
next to the oxide of ethylene-stannethyl. Its salts are scarcely soluble 
in water, but dissolve in alcohol. The nitrate is also soluble in ether. 

Iodide. — Preparation (pp. 93, 94). Crystallizes from the ethereal 
solution, generally in beautiful needles arranged in stellate groups, but 
fi’equently also, especially from the alchoholic solution, in small needle- 
shaped crystals. It is insoluble in water, but dissolves readily in alcohol 
and ether, less easily however than iodide of ethylene-stannethyl. Nearly 
inodorous. 


LSwig. 


12 C 

72 .. 

.. 16*04 .... 

.... 15*25 to 15*50 

15 H 

13 .. 

.. 3*34 .... 

.... 3*41 „ 3*60 

4 Sn 

236 .. 

.. 52*56 .... 

51*64 

I 

126 .. 

.. 28*06 .... 

.... 28*06 to 28*78 


(C‘H=)3Sn'‘I 449 .... 100-00 
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Bromide. — Obtained by saturating witb bromine tbe ethereal solution 
of tbe mixture of radicals precipitated by water from tbe cold alcobolic 
solution (p. 93)^ and leaving it to evaporate spontaneously; tbe bromide 
then separates out first in small needle-sbaped crystals: 


12 C 

n . 

... 17-87 

Lowig. 

15 H 

15 . 

... 3*72 


4 Sn 

236 . 

... 58-56 


Br 

80 . 

... 19-85 ... 

20-50 

(C*H5)3Sn^Br 

403 . 

... 100-00 



Nitrate. — Obtained, together with nitrate of ethylene -stann ethyl, by 
treating tbe mixture of the radicals precipitated by water from tbe cold 
alcobolic solution (p. 93), with nitrate of silver, whereby they are converted 
into nitrates. As it is but sparingly soluble in ether, it may be obtained 
tolerably pure by repeatedly treating the mixture of the nitrates with 
cold ether and recrystallizing from the ethero-alcoholic solution. (See 
also page 95.) But to obtain a perfectly pure salt, it is necessary to decom- 
pose tbe pure iodide with an exactly equivalent quantity of nitrate of 
silver dissolved in alcohol. — Crystallizes in small, shining, tolerably 
bard crystals, which burn away without detonation when heated. (Lowig.) 


12 C 

... 72 . 

.. 18*70 ... 

Lowig. 
.... 18-32 

15 H 

... 15 . 

.. 3-89 ... 

.... 4-67 

4Sn 

... 236 . 

.. 61-30 


0 

8 . 

.. 2-09 


N05 

.... 54 . 

.. 14-02 .... 

13-67 

(OH5)3Sn<0,N05 

.... 385 . 

... 100-00 



f MethylostannethyL (C^H^j^Sni 


This ^ compound and ethylostannethyl form the principal part of the 
last portions precipitated by water from tbe cold alcobolic solution of 
the radicals, and are distinguished from the preceding portions by their 
greater volatility. 

Calculation. 


12 C 

72 

35-12 

15 H 

15 

7-32 

2 Sn 

118 

57*56 

(C^H5)3Sn2 

205 

100-00 


Oa^ide. (C^H®)Sn^O. — Obtained by treating the alcoholic solution 
of tbe pure sulphate (prepared as described on page 93), with baryta- 
w^ter; evaporating tbe whole to dryness at 80°; agitating the residue with 
absolute alcohol; and evaporating the filtrate under a bell-jar with sul- 
phuric acid. When the liquid has attained a certain degree of concen- 
tration, beautiful, transparent, prismatic crystals are formed, consisting 

of the hydrated oxide, probably containing water of crystallization. 
(See also p. 94.) - o j 

The crystals melt below 100° to an oily. liquid, and volatilize very 
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gradually. If tliey Be melted over the water-bath, and a glass rod 
moistened with hydrochloric acid held over the liquid, white fumes are 
formed. Placed under a bell-jar over oil of vitriol, they diminish con- 
tinually in weight, but without losing their transparency; over quick- 
lime they become somewhat opaque. The hydrated oxide dissolves 
sparingly in water, but with tolerable facility even in dilute alcohol, and 
likewise in ether. It has a caustic, penetrating, and persistent taste; 
blues reddened litmus-paper, and separates ammonia, magnesia, oxide of 
zinc, (fee. from their solutions. Exposed to the air, it quickly absorbs 
carbonic acid, which cannot be sepamted from it by quicklime. Its salts, 
with the exception of the nitrate, are crystallizable, and are all soluble 
in alcohol and in ether. 

Sulphate. — Preparation (pp. 93, 94). Crystallizes from the alcoholic 
solution in beautiful prismatic crystals, which are permanent in the air, 
and very sparingly soluble in water. 



Dried at 50°. 


Lowig. 

12 C 

72 .... 

28-45 .... 

.... 28*01 to 28*43 

15 H 

15 .... 

5*93 .... 

.... 5*94 „ 6*24 

2 Sn .... 

118 .... 

46-60 


0 

8 .... 

3-21 


S03 .... 

40 .... 

15*81 .... 

.... 15*56 „ 15*79 


(C^H5)3Sii^^O,S03 253 .... 100-00 


Iodide . — Preparation (pp. 93-95). To obtain the compound pure, au 
alcoholic solution of the oxide is agitated with aqueous hydriodic acid, 
ether, and a quantity of water sufficient to separate the ethereal solution of 
the iodide, which solution is then evaporated. The iodide then remains, 
covered with a thin layer of water; and, after the removal of the water, 
it is treated with a small quantity of chloride of calcium, and after a 
while decanted. 

Transparent, colourless, mobile, strongly refracting liquid, of sp. gr. 
1*850; has .a very pungent odour, and attacks the eyes and nose like 
oil of mustard. Boils between ISO'^ and 200°; but nevertheless vola- 
tilizes completely when kept for some time over the water-bath. Mixes 
in all proportions with alcohol and ether; dissolves very sparingly in 
water, but readily in hydrated alcohol. 

Lowig. 


12 C 

... 72 .. 

.. 21*75 .... 

.... 21*96 

.... 22*06 

.... 21*83 

15 H 

... 15 .. 

.. 4-53 .... 

.... 4*58 

.... 4-68 

.... 4*71 

2 Sn 

... 118 ., 

... 35-65 




I 

... 126 

... 38-07 .... 

.... 

37-93 .... 

37*55 

(C^H^)3SnT 

... 331 . 

... 100-00 





lodate, — When iodine is added to an alcoholic solution of oxide of 
methylostannethyl as long as its colour is destroyed, small shining 
crystals of the iodate separate out, while the iodide remains in solution. 
The iodate detonates slightly when heated. 

Obtained in a similar manner to the iodide, viz., by 
treating the oxide with hydrohromic acid, or, by saturating the alcoholic 
solution of the oxide with bromine, agitating with ether and water, and 
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evaporating tlie etLereal solution. Sp. gr. 1‘630. ResemWes tbe iodide 
in most of its properties. 


Lowig. 

12 C 72 .... 25*26 

15 H 15 .... 5*26 

2 Sn 118 .... 41*41 

Br 80 .... 28*07 27*66 


(C^H5)3Sn“Br 285 .... 100*00 


Bromate. — Similar to tbe iodafce. 

Chloride. — Obtained similarly to tbe iodide and bromide. It like- 
wise separates immediately on tbe addition of bydrocbloric acid to tbe 
alcobolic solution of tbe sulphate. — Transparent, colourless, strongly, 
refracting liquid_, having a more powerful odour and greater volatility than 
tbe iodide or bromide. Sp. gr. 1*320. Miscible in all proportions with 
alcohol and ether. 

Lowig. 

12 C 72*0 .... 29*95 

15 H 15*0 .... 6*24 

2Sn 118*0 .... 49*09 

Cl 35*4 ... 14*72 14*55 


(C^H5)3Sii2Cl 240*4 .... 100*00 

Witrate. — Obtained by adding dilute nitric acid to tbe alcobolic 
solution of tbe base; agitating with ether; then with a sufficient quantity 
of water to separate tbe ethereal solution of tbe salt; and evaporating tbe 
latter. Tbe nitrate then remains as a syrupy mass, which at lower tem- 
peratures assumes tbe form of a transparent, colourless, varnish-like body; 
it dissolves readily in ether, and burns with a dull light but without 
detonation. (L5wig.) 

Lowig. 


12 C 

... 72 

.. 26*97 

15 H 

... 15 

5*62 

2Sn 

... 118 

... 44*19 

0 

8 

... 3*00 

N05 

... 54 

... 20*22 

(C«H=)»Sn=0,NO’ 

.... 267 . 

... 100*00 


If Ethylostannethyl. 

Tor the formation of this compound, see pp. 93, 94. 

O^ide. — Obtained from the sulphate in tbe same 

manner as tbe oxide of metbylostannetbyl (p. 102). Crystallizes from 
tbe alcobolic solution, as a hydrate, in warty nodules. It is a strong 
base, though not quite so powerful as the oxide of methylostannethyl; 
has a sharp caustic taste; blues red litmus paper; and separates ammonia 
and the metallic oxides from their salts. It dissolves sparingly in water; 
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readily in alcoliol and in ether; absorbs carbonic acid rapidly from the 
air; and forms crystalllzabie salts readily soluble in alcohol. 


20 C 

Hydrated Oxide. 
120 .... 

30*15 ... 

Lbwig. 
.... 28*00 

25 H .... 

25 .... 

6*28 ... 

.... 6*41 

4 Sn . 

236 .... 

59*31 


0 

8 .... 

2*01 


HO . 

9 .... 

2*25 



(C^H5)5Sn-^0,HO 398 ... 100*00 

The hydrate with which the above analysis was made had been kept for some time 
in the liquid state over the water -bath, and was not quite free from caibonic acid. 

Sulphate . — Preparation (pp. 93,94'). — Crystallizes from the alcoholic 
solution in small crystalline needles, which quickly become opaque when 
exposed to the air, are nearly insoluble in water, and less soluble in 
alcohol than sulphate of methylostannethyl. 


20 C 

120 . 

.. 27*97 .... 

.... 27*31 .. 

. 27*53 .. 

. 27*11 

25 H 

25 . 

.. 5*82 .... 

... 6*01 .. 

.. 5*98 .. 

.. 5*75 

4 Sn 

236 . 

.. 55*03 




O 

8 . 

.. 1*86 




S03 

40 ., 

.. 9*32 .... 

.... 9*20 .. 

.. s-l? .. 

.. 8*91 

('C-‘H'/Sn<O.S03 

429 . 

... 100*00 





Iodide. — Prepared like the iodide of methylostannethyl (pp. 93-95) • 
Thick, oily, colourless liquid, of sp. gr. 1“724. Reduced by potassiuni 
and sodium. 


Lbwigi. 


20 C 

120 ., 

... 23*67 .... 

.... 23*75 .. 

.. 22*90 

25 H 

...... 25 .. 

... 4*93 .... 

.... 5*08 .. 

.. 5*21 

4 Sn 

...... 236 . 

... 46*55 



I 

126 . 

... 24*85 .... 

.... 25*62 .. 

.. 26*43 

(CJH=)5Sn'‘I 

507 . 

... 100*00 




This, and the other haloid compounds of ethylostannethyl, differ 
from the corresponding compounds of methylostannethyl, only in being 
more yiscid and having a lower specific gravity; in odour, and in their 
relation to water, alcohol, and ether, they closely resemble the niethy- 
lostannethyl compounds; and they are prepared by precisely similar 
processes. 

Bromide. — Less viscid than the iodide. Sp 
potassium and sodium. 

20 C 120 .... 26*03 

25 H 25 .... 5*42 

4 Sn 236 .... 51*19 

Br 80 .... 17*36 

(C^HsySn^Br 461 .... 100*00 

The lodate and Br ornate of Ethylo-stannethyl separate out on adding 
iodidine or bromine to the alcoholic solution of the oxide. 

Chloride. — Resembles the bromide, Sp. gr. 1'30. Reduced by 
potassium and sodium. 


. gr. 1*4S. Reduced by 
Lbwig. 

17*40 
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20 C 

120*0 

... 28*82 

Lowig. 

25 H 

25-0 . 

... 6-CO 


4 Sn 

236*0 . 

... 56*68 


Cl 

35*4 . 

. . 8*50 .... 

8*14 

(C4HS)"Sn4Cl 

416*4 . 

... 100*00 



Nitrate. — (C^H^)®S]i^O,NO®. — Prepared like tke corresponding salt 
of methylostannetliji^ wliick it resembles in its properties. (Lowig.) 

Six-fom^ths StannethyL (C^H^)^Sn®? 

When alcoliol was added in small quantities to tbe dark red ethereal 
solution of tbe mass A (p. 93), tbe liquid became decolorized, and a dark 
greasy mass separated, wbicb, in two experiments, was found to contain 
19-45 and 20*89 p.c. C, and 4-17 and 4*61 H, quantities pretty nearly 
agreeing with tbe formula (C^H®/Sn®, wbicb requires 20‘4SC and 4-25H. 
— Tbe ethereal solution left to evaporate in tbe air, yielded a white 
powder, w-bicb dried up to a coherent mass, probably consisting of tbe 
oxide of tbe same radical. Dried at 100^, it yielded 18*12 to 18*60 p.c. C, 
and 4*18 to 4*33Hj tbe formula (C^H®)^Sn®0, requiring 20*090, and 
4 51H. On dissolving this oxide in hydrochloric acid diluted with 
alcohol, shaking up tbe solution with water and ether, and eva 2 :)orating 
tbe ethereal solution, a nacreous salt was obtained, containing 7’20 per 
cent of chlorine j tbe formula (CW)*Sn®Cl requires 7*36 p. c. — The 
original clear ethereal solution often deposited a grey powder, wbicb was 
scarcely soluble in alcohol and ether; had a pungent odour; aud took fire 
when fuming nitric acid was poured upon it. It appeared to consist of 
the iodide (C^H®)^Sn®I, its analysis giving 58*8 and 58*6 p.c. Sn, 15*5 C, 
3*8 H, and 21*1 1, while the formula requires 59*2 Sd, 16 0 C, 3*5 H, and 
21*3 L But the quantities of these several compounds obtained were too 
small to render these results of much value. (Lowig.) 


f Plmn'Dides of Ethyl or Plumbethyls. 

Lowig. Chem. 60, 304; Ann, Fharm, 88, 318. 

These compounds are formed by the action of iodide of ethyl on 
plumbide of sodium, containing 1 pt. sodium to 6 pts. lead. On agitating 
the resulting mass with ether, and evaporating the ethereal solution, 
there remains a mixture of several plnmbides of ethyl, which have not 
yet been separated from one another, the separation being very difficult, 
in consequence of the great similarity of their physical properties. — 
These radicals are perfectly colourless, tolerably mobile, volatile, and 
have a powerful odour. They do not fume in the air, but when set on 
fire, they burn and give off dense clouds of oxide of lead. When strong 
nitric acid is poured upon them, they take fire; and in contact with iodine 
or bromine, especially with the latter, they explode with violence. They 
are insoluble in water, but dissolve readily in alcohol or ether. The 
ethereal or alcoholic solution when exposed to the air, deposits an 
amorphous powuier, which is insoluble in water, alcohol, and ether, and 
forms crystallizable salts with acids; and in solution there remains a 
strongly alkaline base, the oxide of Methyloplimlethyl^ (C^H^)®Pb® (so 
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called from its analogy to metliyl, tlie radical of TrliicL constitutes 

tlie principal portion of tlie product obtained by the action of iodide of 
etbyl on plumbide of sodium. 

Oxide of MethjloplximletJiyl. (C‘^H®)®Pb^O. — Obtained as a hydrate by 
adding a solution of nitrate of silver mixed with alcohol, to the alcoholic 
solution of the mixed radicals as long as metallic silver is precipitated; 
filtering from the silver; agitating the resulting solution of nitrate of 
methyloplunibethyl with alcoholic potash and afterwards wiih ether; 
adding a sufficient quantity of water to separate the ethereal solution of 
the oxide; and evaporating the ether in a retort. Pure hydrated oxide 
of methyloplunibethyl then remains in the form of a thick oily liquid, 
which solidifies after a while in a crystalline mass, slippery to the touch 
like hydrate of potash. It is volatile, and forms white fumes when a 
rod moistened with hydrochloric acid is held over it. When heated, it 
gives off white vapours, which excite powerful sneezing, — a property 
which also belongs to the radical itself and many of its compounds. The 
hydrate dissolves sparingly in water, readily in alcohol and in ether. 
The solutions have a strong alkaline reaction; a sharp, disagreeable, 
caustic taste; and produce an extremely unpleasant sensation in the 
throat. 

CoLrlonate. — The hydrated oxide rapidly absorbs carbonic acid from 
the air. By leaving the alcoholic solution of the oxide to evaporate in 
the air, the carbonate is obtained in small hard crystals. It is nearly 
insoluble in water, sparingly soluble in alcohol and ether. Alcohol con- 
taining hydrochloric acid, dissolves it with effervescence. It has a strong 
burning taste. 

Lowig. 

X 


13 C 

.. 78 . 

... 24*00 ... 

23*93 . 

... 23*40 

15 H 

.. 15 . 

... 4*62 ... 

4*74 . 

... 5*00 

2 Pb 

.. 208 . 

... 64*00 ... 

63*87 . 

... 63*74 

30 

.. 24 . 

... 7*38 . . 


... 7*86 

(CT13)3Pb20,C0- .. 

. 325 .. 

,.. 100*00 ...- 

100*00 . 

... 100*00 


Sul2:)hate. (C^H®)^Pb^O,SO®. — When sulphuric acid is added by drops 
to an alcoholic solution of the oxide, leaving the base in excess, a 
dazzling white crystalline precipitate of the sulphate is obtained, wdiich 
must be washed with alcohol and afterwards with ether. The salt is 
nearly insoluble in water, absolute alcohol, and ether, but dissolves 
readily in alcohol mixed with sulphuric or hjdrochloric acid. From the 
acid solution it crystallizes in tolerably large, hard, shining octohedral 
crystals. 

Lowig. 


12 C 

72 .... 

. 20*90 .... 

20 30 ... 

,. 20*33 



15 H 

15 .... 

. 4*30 .... 

4*48 ... 

4*60 



2 Pb 

208 ... 

. 60*60 ... 

61*40 ... 

.. 60*30 .. 

.. 59*5 .. 

.. 60*6 .... 60*4 

O 

8 ... 

. 2*54 ... 

2*08 ... 

.. 3*10 



S03 

40 ... 

. 11*66 ... 

11*74 .. 

.. 11-67 



Ci2H“Pb2O,S03 343 ... 

. 100*00 ... 

100*00 .. 

.. 100-00 




Iodide. — )®Ph^I % Formed by the action of iodide of potassium 
on sulphate of methyloplumbethyl. Y ery instable. When an alcoholic 
solution of iodide of potassium is added to a solution of the sulphate 
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acidulated witli sulpLiiric acid, the mixture shaken up witli etlier, the 
ethereal solution of iodide of methyloplumbethyl separated by water, 
and left to eyaporate, iodide of lead separates from it in considerable 
quantity. By rapid ^evaporation, a colourless oily residue is obtained, 
having a penetrating odour; and likewise yielding a deposit of iodide 
of lead. If the compound, while yet undecomposed, be distilled with water, the 
separation of iodide of lead takes place immediately, and the watery Tapour which 
passes over is accompanied by a colourless, mobile, very pungent liquid, having an 
odour like that of oil of mustard and no longer subject to spontaneous decomposition. 
This liquid was found to contain: 25*11 p.c. C, 5*70 H, 36*58 Pb, and 34*16 I, 
numbers agreeing pretty nearly with the formula (C‘^H®)^2p54j3 |-qj. which 

requires 25*02 C, 5*24 H, 36*40 Pb, and 33*34 1. 

Bromide. — Obtained hy adding an alcoholic solution of bromide of 
potassium to a solution of the sulphate in alcohol containing sulphuric 
acid; agitating the whole with ether; then with water to separate the 
ethereal solution; and evaporating the latter. The bromide then crystal- 
lizes in long needles. 

Lowig. 

12 C 72 . , 19*20 

15 H 15 .... 4 00 

2Pb 208 .... 55*47 

Br 80 .... 31*33 20*98 .... 21*23 

(C^H5)WBr...., 375 ... 100*00 

Chloride. — Obtained by adding chloride of barium to a solution of 
tbe sulphate in alcohol containing hydrochloric acid; agitating with ether; 
separating the ethereal solution by water; and leaving it to evaporate. 
Crystallizes in beautiful, long, needles, having a strong lustre, and giving 
off a strong odour of oil of mustard when gently heated. When heated 
in a glass tube, they detonate slightly even at a moderate heat, yielding 
chloride of lead and metallic lead. 

Lowig. 

12 C 72*0 .... 21*79 21*58 .... 21*51 

15 H 15*0 .... 4*54 4*85 .... 4*71 

2 Pb 208*0 .... 62*95 62*66 .... 62*74 

Cl 35*4 .... 10*71 10-54 .... 10*58 

(C^HS)3pb*-Cl 330*4 .... 100*00 ........ 99*63 .... 99-54 

Nitrate. — Obtained hy decomposing the alcoholic solution of the 
plumbethyls (p. 107.) with nitrate of silver. — On evaporating the alco- 
holic solution, the salt remains in the form of a colourless, viscid liquid, 
which smells like butter, has a burning taste, and solidifies after a while 
in a crystalline, unctuous mass. Decomposed by heat, with slight deto- 
nation. Dissolves readily in alcohol and in ether. The alcoholic solution, 
when slowly evaporated, deposits a small quantity of nitrate of lead, 
(Lovig.) 


Lowig. 


12 C 

. 72 

... 20*17 



15 H 

. 15 

... 4*20 



2 Pb 

. 208 . 

... 58*2$ 



0 

8 . 

... 2*24 



N03 

. 54 . 

... 15*13 .... 

.... 14*65 .. 

.. 14*89 

(C-^HS)3Pb20,N05 ... 

. 357 

100*00 
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If Hydrargethyl. C*H5Hg^ 

Strecker. Compt. rend. 39, 57. 

Bxjkhaept. Chtm, Ga%, 1854, 263, 292. 

Not known in the separate state. Obtained as an iodide by the 
action of mercury on iodide of ethyl (Strecker); and as a chloride or 
bromide by decomposing mercuric chloride or bromide with bismethyl 
(p. 87). 

Hydrated Oxide ^ C^H®Hg^O,HO. — Obtained by decomposing a boil- 
ing alcoholic solution of the chloride with oxide of silver, filtering, 
distilling off the alcohol, and evaporating in vacuo. The hydrate then 
remains in the form of a colourless oil, which is strongly alkaline and 
burns and blisters the skin. It decomposes the salts of ammonia, hut not 
those of potash or magnesia, and forms precipitates with solutions of 
alumina, zinc, copper, tin, gold, and platinum. With a large excess of 
sulphuretted hydrogen, it forms a white precipitate, which after a while 
turns yellow, brown, and black. — With metallic zinc, it forms zinc-ethyl 
and amalgam of zinc. It combines with acids, forming crystallizable salts; 
the carbonate, monobasic phosphate, sulphate, nitrate, acetate, and oxalate 
have been obtained. (Diinhaupt.) 

Carlonate, Prepared by decomposing the chloride with carbonate of 
silver at a gentle heat. Crystallizes with difficulty, and is easily decom- 
posed by heat. Acids decompose it with evolution of carbonic acid. 
(Diinhaupt.) 

Sulphide. C^H^Hg^S. — Sulphide of ammonium added to an alco- 
holic solution of chloride of hydrargethyl, throws down this componnil in 
the form of a yellowish white pulverulent precipitate, easily soluble in 
excess of sulphide of ammonium. Dissolves also in alcohol and ether. 
The alcoholic solution decomposes by evaporation, yielding sulphide of 
mercury; the ethereal solution yields the compound in the crystalline 
form with only slight decomposition. It gave by analysis 81*05 p. c. Hg, 
8*95 C, 1*96 H, and 6*10 S; the above formula req^uires 81.63 Hg, 9*79 C, 
2*05 H, and 6*53 Hg. (Diinhaupt.) 

Iodide. C^H^Hg^I. = — 1. Obtained by mixing an alcoholic solution 
of the hydrated oxide with alcoholic iodine as long as the colour of the 
latter disappears. (Diiuhaupt.) 2. By the action of mercury on iodide 
of ethyl in diflused daylight. (Strecker.) it is decomposed by direct sunshine, 
and hence Frankland (VllI, 362) failed in obtaining it. — Soluble in boiling etber 
and alcohol, and separates on cooling in white and very brilliant laminm. 
(Diinhaupt, Strecker.) Insoluble in water, but soluble in ammonia and 
in potash-ley, from which it crystallizes undecomposed. (Strecker.) Vola- 
tilizes without decomposition. (Diinliaupt.) Sublimes at 100°, but requires 
a much stronger heat to melt it. (Strecker.) Yields by analysis, 36*18 
p. c. iodine, the formula requiring 35 65. (Diinhaupt ) 

Bromide. C^H^Hg^Br. — 1. Obtained by mixing the hydrated oxide 
with hydrobromic^acid. — 2. By adding an alcoholic solution of bromine to 
an alcoholic solution of the hydrated oxide till the colour of the bromine 
becomes permanent: bromate of hydrargethyl is then formed at the same 
time. - — 3. By mixing the alcoholic solutions of bismethyl and mercuric 
bromide. — Resembles the chloride. Analysis gives 25*84 p. c. Hg; 
calculation, 25*89. (Diinhaupt.) 
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Chloride, C^H®Hg~CL — 1. Precipitated by chloride of sodium from 
the aqueous solution of the nitrate. (Strecker.) — 2. By the action of 
protochloride of mercury on bismethyl. (Diiuhauptj p. 87.) Forms light, 
crystalline iridescent laminaj having a silvery lustre. Sublimes at 40° in 
thin laminoe without previous fusion, but at 100° it melts to a clear oily 
, liquid, and then evaporates completely. Heated on platinum-foil, it burns 
with a weak flame, diflliising a very unpleasant odour. It is nearly 
insoluble in water, dissolves sparingly in ether and in cold alcohol, but 
freely in boiling alcohol. Analysis gives 76*23 p.c. Hg, 8*73 to 9*62 0, 
1*45 to 2*00 H, and 13'67 Cl, the formula requiring 75*63 Hg, 9*0 6C, 
1*90 H, and 13*41 Cl. (Diinhaupt.) 

Nitrate. C^H^Hg^jlNO®. — Nitrate of silver added to a solution of 
iodide of hydrargethyl, forms a precipitate of iodide of silver and a solu- 
tion of nitrate of hydrargethyl, which when evaporated yields the salt 
in colourless prisms. (Strecker.) 

Cyanide. C^H^Hg^Cy ? — Formed by saturating an alcoholic solution 
of the hydrated oxide with strong hydrocyanic acid. Crystallizes 
readily. Yery volatile ; when heated in a tube, it emits a vapour which 
has an extremely repulsive odour, attacks the respiratory organs strongly, 
and appears to be highly poisonous : a carbonaceous residue is left in the 
tube. The cyanide dissolves readily in alcohol and ether. (Diinhaupt.) 

Mercury also forms a compound with methyl, viz : 

Hvdrargomethyl C^H^Hg^, — This compound is obtained in the 
form of an iodide by the action of metallic mercury on iodide of methyl, 
under the influence of the solan rays. In about a week, the liquid 
solidifies in a colourless crystalline mass. By treating this mass with 
ether, the iodide of hj-drargom ethyl is dissolved and may thus be sepa- 
rated from the remaining metallic mercury and the small quantity of 
iodide of mercury formed at the same time. Yery little gas is given off 
during the reaction. 

Hydrargomethj’l has not yet been obtained in the free state. The 
iodide is a white solid body, insoluble in water, but dissolving pretty 
readily in alcohol, and very easily in ether and in iodide of methyl. By 
spontaneous evaporation of either of these solutions, the iodide is obtained 
in small nacreous, crystalline laminae. At ordinary temperatures, it is 
slightly volatile, emitting a peculiar and unpleasant odour; the vapour 
when inhaled leaves a nauseous taste on the palate, which lasts for 
several days. At 100°, the iodide is much more volatile, the crystals 
disappearing completely when exposed to a current of air at that 
temperature. At 143% it melts and sublimes without decomposition, 
condensing in extremely thin, shining, crystalline laminm. Gives by 
analysis 3*57 p.c. C, 0 90 H, and 36*56 I, the formula C^LPHgH re- 
quiring 3*51 C, 0*88 H, and 36 95 1. (Fraukland.) 

Iodide of hydrargomethyi in contact with ammonia or with the fixed 
alkalis, is converted into oddde of hydrargomethyi, which is dissolved by 
an excess of either of these reagents; and the solutions thus formed 
yield with sulphide of ammonium a flocculent precipitate of sulphide of 
/lydrarc/omeiliyX having a faint yellowish colour, and a peculiar and most 
intolerable odour. (Frankland, A7in, Pharm. 85, 381.) IT 
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B SECONPARy UCLET. 
a. Oxygen Nucleus. 

Oxalic Acid. c^H=0^=C^H-0^0\ 

Sat ARY. Diss. de sole acetoselicB. Argentor. V71Z. 

AYiegler. Grell. Ghem. J. 2, 6. 

SCHEELB. Opusc. 2, 187. 

Bergman. Opusc, 1,251; S, SG4 and 370. 

Westrumb. Kleine pJiys. chem. Ahh, 1, 1. 

Eichter. Neuere Gegenstd-yide, 8, 92, 

Thomson. Fhil. Trans, 1808, 88 

Berard. Ann. Gkim. 78, 268; also A, Tr. 19, 2, 265. 

Berzelius. Gilb. 40, 250; — Ann. Ohim. 94, 1 85; — Ann. Ohm. Fhys. 

18, 155; also Sckw. 33, 4*22. 

F. C. Vogel. Sckw. 2, 435 and 7, 1. 

Dobereiner. Sckw. 16, 107, and 23, 66. 

Dulong. II €7)1. de la Glasse des Sc. math, et pkys. de VInstitut. Annees 
1813-14-15, p. cscix; abstr., Sclm. 17, 229. 

Gay-Lussac. Aom. Cliiin. Fhys. 46, 218; AsoScJm. 62, 441; also Ann, 
Fhai'm. 1, 20. 

Turner. Fkil. Mag. Ann. 9, 161; also Sckw. 62, 444; also Br. Archr 
88, 159. — Phil. Mag, Ann., 10, 848; also Ami. Fharm. 1, 22; also 
Fogg. 24, 166. 

Graham. Salts. A^in. Fharm. 29, 2. 

Bussy. Double Salts. J. Fharm. 24, 609; also Ann. Fharm. 29, 312; 
also J.pr. Ghem. 16, 395. 

Berlin. Double Chromium-Salts. Berzelius, Jahresherichi. 24, 244; and 
more fully; Berzelius, Lekih. Ausg. .5, 3, 1086. 

Eammelsberg. Crystallo-chemical monograph on Oxalic-acid and its 
salts. Fogg. 93, 24. 

Oxalsaure, Kleesdure, Sauer Meesdure, Sauer Meesalzsau7'ey koklige Sdure, Acide 
oxalique^ Acide carhoneux. 

History. — Saxary in 1773, and Wiegler in 1779, first obtained oxalic 
acid in the form of a sublimate and an aq,ueoiis distillate by heating salt 
of sorrel. Scheele first prepared it from salt of sorrel by means of siib- 
acetate of lead, and showed that the acid thus obtained was identical with 
the acid of sugar previously obtained from sugar and nitric acid, and 
investigated by Bergman. 

Sources. In the free state: In the juice of chick-peas? — In Boletus 
sulfureus. — 2. In oxalate of ammonia: In guano. — 3. As acid oxalate 
of potash: In Oxalis aceiosella and corniculata, Rumex acetosella and 
acetosa, and Geranium acetosum; also in Spinacia oleracea and Phytolacca 
decandra (Braconnot), in Rheum palmatum, and in the Herha Bella-- 
do7ince. — 4. As oxalate of soda: In Salsola Kali and Soda, and in various 
species, of Salicornia {A7in. Fharm. 16, 86.) — 5, As oxalate of lime: 
According to Scheele, in Radix Rhubarb., Alcayince, ApU, Bistort,, Cardo- 
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patioB^ CurcumcB, Bictamni alhi^ Fmniculi^ GentiancB rubrm, JUrmidi- 
na'i'icB, Lapathi acuti, Liquiriiice, Mandragorm^ Ononidis spinoscB, Ireos 
fiorent^ It, nostratis, Mhaharh. suecici, Saponarice, Scilloe, Sigilli Salam. 
Tormentillw^ YaleriancB, Zedoarios and Zingiheris; in Qortex Berberidis,^ 
Canell. alba, CascarilL Gass. caryophyllatcB^ Gassim fistul , Ghince, Cin- 
7 Lam.f Oulibaban, Frangulce^ Fraxini, Qiiercus, Sambuci, Simai'ubce, Ligni 
sanctl and JJhnL According to others, in Radix Betce mdgaids^ Coi'ni 
floridcs, Lathyri tuberosi^ Pceonice of.y and Vincetoxici; in Gortex Geof- 
froycB Sicrinamensis and Jamaicensis; Fo 2 xd?ci, Quassicc, Parobo, Pseudo- 
cliince, and Winteronus ; in Lignum Gampeclmnse ; in Stijntes Bulca- 
marm; in Herba lEsculi Hippocastanij Belladonnm tmdi Ilesembryantliemi 
crystallini. According to Fourcroy & Vauquelin (/. Pliys. 68 , 429), it 
occurs in the greater number of plants. According to Braconnot {Ann. 
Cliim. Pliys. 28, 31 83 also Bchw. 45, 156), it constitutes half the substance 
of many lichens, and by their decay enters into the constitution of the 
vegetable soil of rocks. — Also in beer-yeast (K. Schmidt). — During 
the most vigorous period of gro'vth, the oxalate of lime is completely 
dissolved in the contents of the cells, not through the medium of an acid, 
for malic and citric acids do not dissolve it, but by the action of vegetable 
albumin. But toTcards the end of the period of growth, the oxalate of 
lime separates in the cells in microscopic square-based octohedrons, e. y., 
in the cells of Tradescantki discolor and of various cacti. (K. Schmidt, 
Ann. Pliarm. 61, 297.) — Oxalate of lime occurs in rectangular prisms 
acuminated with four faces resting on the lateral edges, in the root of Iris 
florentina (Raspail); in Fritillama Meleagris, Scilla bifolia and maritima, 
Narcissus, Hyacintlim, and Amaryllis (Jussieu); mPiper MagnolicBfoliu^n, 
Tradescantia, 2IiLsa, Calla ^tlieopica, Aloe rerrucosa, (Sprengel, Rudolph, 
and Kicser); in Grimim latifolium, Mirabilis Jalapa. (Decandolle, Mem. 
de la Soc. d^Hist. Naiur. 4, 223 and 413.) — Oxalate of lime likewise 
occurs in many urinary calculi (Wollaston); in urinary sediments 
(Proufc); in very small quantity in the urine of the sea-eagle (J. Davy); 
in the Liquor Allantoidis of the cow (Lassaigne); in the mucus of the 
gall-bladder of men, oxen, dogs, rabbits, and pikes, and in microscopic 
square-based octohedrons in the mucous membrane of the gravid uterus 
(K. Schmidt, Ann. Pliarm. 61, 299); also in the Malpighian vessels 
of the caterpillar of Sphinx Convolvuli (Meckel, K. Schmidt.) — 6. As 
ferrous oxalate: in brown-coal dejjosits. 

Formation. 1 . By the action of nitric acid on most organic compounds 
(VII. 123).— The presence of hydrochloric acid facilitates the formation of oxalic 
arid. (E. Kopp. Compt. rend. 24, 616.) — 2. In the decomposition of Cyanogen 
by water and ammonia (VII. 386, 387 ). — 3. In the decomposition of 
uric acid by chlorine, and in the decomposition of the urate of ammonia 
contained in guano. — 4. When hydrate of potash is fused at a gentle 
heat with various organic compounds (VII. 135.) Hence Gay-Lussac {Schto. 
58, 91,) proposes a method (not yet put in practice) of converting tartrate of potash 
into oxalate. — 5. In the preparation of potassium from carbonate of potash 
and charcoal (VII. 41). 

Freparatmi, — A solution of acid oxalate of potash (salt of sorrel) in 
hot water, is treated, according to Scheele’s method, with excess of sub- 
acetate of lead; and the precipitated oxalate of lead washed, first by 
frequently pouring water upon it and decanting, the water being renewed 
every time, and then thoroughly on a cloth filter. It is then digested for 
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several days, witK frequent agitation with a quantity of oil of vitriol 
sufficient to convert all the lead into sulphate — viz., a little more than 
49 pts. oil of vitriol to 68’6 pts. of acid oxalate of potash or 148 pts. 
of dried oxalate of lead — and diluted with 10 times its weight of water; 
the aqueous oxalic acid separated from the sulphate of lead by filtration ^ 
repeatedly evaporated and cooled, as long as oxalic acid continues to 
separate; and the product purified by recrystallization from any sulphuric 
acid that may remain attached to it. — The sulphuric acid may also be 
removed by digesting the dilute liquid with a small quantity of oxalate 
of lead, till it no longer forms a cloud with chloride of barium, after which 
the filtrate must be treated with sulphuretted hydrogen to remove any 
lead that may have been dissolved. — If the oxalate of lead has not been 
entirely freed from acetate of jjotash by careful washing with water, the 
oxalic acid prepared from it contains acid oxalate of potash, which when 
ignited remains in the form of carbonate; from this impurity the oxalic 
acid may be freed by recx'ystallization, the potash-salt separating out 
first, — or by sublimation, whereby however a portion of the acid is 
decomposed. — Anthon {Repert 84, 250) recommends, instead of snh- 
acetate of lead, the sulphate which occurs so abundantly as a waste-product 
in the preparation of acetate of alumina. For this purpose he saturates 
1 At. (137*2 pts.) of salt of sorrel in the state of hot aqueous solution, 
with carbonate of potash; digests the liquid for several days, stirring 
frequently, with 2 At. (304 pts.) of sulphate of lead ; decants the solution 
of sulphate of potash from the resulting oxalate of lead (which, after 
thorough washing, should dissolve completely in dilute nitric acid, which 
it will do if free from sulphate); and decomposes it by continued diges- 
tion with 2 At. (98 pts.) of oil of vitriol diluted with a large quantity of 
water. — Another method is to saturate the salt of sorrel with carbonate 
of potash, add chloride of barium to throw down oxalate of baryta, and 
decompose this salt with dilute sulphuric acid. 

2. One part of sugar is heated in a retort with 8 pts. nitric acid of 
sp. gr. 1*2 (1 ’38, according to Schlesinger), gently at first, but ultimately 
to the boiling-point; the liquid evaporated in a basin and cooled to the 
crystallizing point of the oxalic acid; and the mother- liquor repeatedly 
evaporated, with fresh quantities of nitric acid, as long as crystals 
separate out on cooling: the crystals are finally purified by recrystalliza- 
tion. (Bergman.) By this process, 3 pts. of sugar and 30 pts. nitric acid 
of sp. gr. 1‘2, yield 1 pt. of oxalic acid. (Bergman.) Instead of pure 
common sugar, moist sugar may also be used, or the brown syrup of sugar, 
grape-sugar, or starch. — The nitrous fumes evolved in the process are 
frequently made available for the preparation of oil of vitriol (II. 180). 
— If too small a quantity of nitric acid be used, comparatively little 
oxalic acid is obtained, the chief product being saccharic acid (artificial 
malic acid), which remains as a thick brown syrup when the liquid is 
evaporated, but may be converted into oxalic acid by digestion with a 
larger quantity of nitric acid. — Schlesinger {RepevL 74, 24) rightly 
recommends the use of a larger quantity of nitric acid from the beginning 
of the operation, so that the crystals of oxalic acid may not be con- 
taminated with a viscid mother-liquor, which can neither be poured ofit 
nor absorbed by paper. To I pt. of sugar he therefore takes 8 pts. of 
nitric acid, of sp. gr. 1'3S, without farther addition of water; evaporates 
the liquid to after heating it gradually to the boiling-point; and thereby 
obtains between 58 and 00 pts. of beautifully crystallized oxalic acid 
from 1 00 pts. of sugar. If a sufficient quantity of nitric acid has been 
VOIi. IX. I 
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used, tLe colourless or yellowish mother-liquor crystallizes in the form of 
oxalic acid down to the last drop; but if less nitric acid has been added^ 
the mother-liquor becomes yellow and brown by evaporation, and requires 
a further addition of nitric acid. Schlesinger likewise recommends that 
the oxalic acid be recrystallized from water containing a small quantity of 
nitric acid, and the crystals drained on a funnel, washed with a little 
cold water, and dried between bibulous paper at a medium tempe- 
rature.' — Oxalic acid prepared with nitric acid is often contaminated 
with the latter, which may be recognized by the yellow colouring which 
it imparts to the cork of the bottle in which the crystals are kept. Ber- 
zelius remoyes this nitric acid by allowing the crystals to effloresce in 
warm air, then recrystallizing from hot water, again leaving them to 
effloresce, recrystallizing, and so forth. 

The crystallized hydrated oxalic acid obtained by (1) or (2) is brought 
to the anhydrous state (C^HO^) by long continued beating over the water- 
batb, or by sublimation. — Turner first dries the crystallized acid in a 
basin over the water-batli, covering the basin, first with a sheet of thin 
bibulous paper, then with a sheet of writing paper, and lastly with a 
second very shallow basin filled with ice or cold water; be then heats the 
lower basin to or from that temperature to at most 204^; removes 
the sublimed needles from the bi])ulous paper every hour witli a feather; 
and encloses them, while yet warm and before they have absorbed 
moisture, in a well closed bottle. A small portion of the acid decomposes 
during this sublimation, and certain products of decomposition are 
absorbed by the paper. The sublimed acid, when dissolved in water, 
again yields the common hydrated crystals, showing that the acid has 
undergone no change by tbe sublimation. (Turner.) 

JPropeHies. As obtained by sublimation : Transparent, colourless, 
slender, hard needles (Turner); by beating to 100°: White effloresced, 
pulverulent mass. Tbe acid is a little volatile, even at ordinary tem- 
peratures. (Faraday, 19, 550.) It may be sublimed at 100°; 

though but slowly; more quickly between 150° and 16*2°, without any 
decomposition; but from 165° to 204°, the sublimation goes on more 
rapidly, and a slight partial decomposition takes place, increasing as the 
temperature rises. At 212°, the dry acid melts, boils briskly, and 
evaporates, with partial decomposition. (Turner.) The dry acid neither 
sublimes nor decomposes when beated to 110° in a retort for two hours, 
but begins to sublime with partial decomposition between 132° and 150°; 
it begins to melt at 150°, is completely fused at 180°, and boils at 190° 
(Dufios, ^ckw. 62, 450). — The acid is inodorous at ordinary temperatures, 
but tbe vapours which it gives off when heated, Lave a pungent acid 
odour and excite sneezing and coughing. (Turner.) Its taste is more 
intensely sour than that of any other organic acid; and in rather large 
quantities f.y. half an ounce, it acts as a deadly X3oison. In its power ot 
reddening litmus,, it likewise surpasses all other organic acids. Its 
solution in 2000 pts. of water still exhibits this reaction. When heated 
with oil of vitriol, it gives off carbonic acid and carbonic oxide in equal 
volumes. Its solution produces a cloud in a few minutes in an aqueous 
solution of gypsum. 
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Gaj-Liissac & ThenarJ^ and likewise Bertliollet, analysed oxalate of 
lime dried at 100°, which may be regarded either as CaO,C^HO\ or as 
2CaO, 

The formula C^HO^, which represents oxalic acid as a monobasic acid, 
is supported by the following considerations : 1. That this formula is 

the more simple of the two. — 2. That oxalic acid may be formed from 
cyanogen, C^N, that is to say, from a compound containing only^ 2 At. C. 
— 3, That indigotic acid, which contains 1 4C, is converted by nitric acid 
into picric acid containing 12C, and oxalic acid, for which therefore there 
remain but 20 from the indigotic acid. — 4. That the formulae of many 
oxalates are simpler on this view. 

The formula which represents the acid as hibasic, is in 

accordance with : 1. The even number of atoms. (VII. 198.) — 2. The 

boiling point {Hid,) — 8. The great tendency of the acid to form acid 
and double salts. — 4. The fact that formic acid, C^H^O^, and wood- 
spirit, are not converted into oxalic acid by oxidation with nitric 

acid. (Gm.) On the other hand, formic acid, which is a compound of a 
lower order, may be formed from oxalic acid. — 5. That oxalic acid may 
be converted into oxamic acid, C^H^NO®, whose formula cannot be halved; 
moreover the relation between this acid and oxalic acid is too close to 
admit of the supposition that oxalic acid contains 2C and oxamic acid 
4C. (Laurent.) 6. If oxalic ether he regarded as C^H^, C^O®, its vapour 
will be monatomic; but if its formula he its vapour will he 

diatomic, like those of other compound ethers of the third order, 
(Laurent.) 

The radical-theory, besides the acid dried as completely as possible 
per sej assumes the existence of a hypothetically anhydrous oxalic acid 
=: 0 = C^O^, containing therefore 33*33 per cent. C, and 66*67 0, as it 
may be supposed to exist in the metallic oxalates and the oxalic ethers. 
According to this view, oxalic acid dried per se is not 0^110“^ (or C^H-0®), 
but HO, C“0^ (or 2 HO, 0^0*'), therefore a hydrate of oxalic acid. 

Decompositions. 1 . The acid passed through a red-hot tube, is com- 
pletely resolved into water and gaseous products, without deposition 
of charcoal. — 2. The acid, when heated in a basin or a retort, volatilizes, 
without leaving any carbonaceous residue, partly undecomposed, partly 
resolved into water and equal volumes of carbonic oxide and carbonic 
acid gases, partly into carbonic and formic acids. (Gay-Lussac.) Equa- 
tion for the first decomposition: 

= 2C0 + 2 C 02 2 HO 5 

for the second; 

C4H308 = 2C0= + C-H^O^. 

The acid containing water of crystallization melts in a retort at 98°, and 
gives off, even at 100°, together with vapour of water and formic acid, a 
mixture of carbonic oxide and carbonic acid gases in the proportion by 
volume of 5:6; this evolution of gas increases considerably between 
120° and 130°, and continues till all the oxalic acid has disappeared; 
towards the end of the process, the proportion of carbonic acid becomes 
somewhat greater, and the last portions of water which pass over contain 
the greatest quantity of formic acid. If the heat be not too violent, all 
the oxalic acid volatilizes in the decomposed state. (Gay-Lnssac.) — 
Oxalic acid containing water of crystallization melts at 98°, is tranquil at 
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110^; off but a trace of gas at 126° and but very little even at 
132°. It boils at 143° giving off, with the 'watery vapour, only a small 
quantity of gas, wbicli however becomes abundant between 155° and 
160°, and, as found by Gay-Lussac, contains 5 vol. carbonic oxide to 
6 vol. carbonic acid. Oxalic acid previously dehydrated begins to 
decompose and give off gas at 165°j if the heat be gradually applied, 
the gas thus evolved contains 5 vol. carbonic oxide to 6 vol. carbonic 
acid; but, if the heat be quickly raised, the proportion of carbonic oxide 
decreases (Turnery compare Duflos, Schw. 62, 4-50; Schlesinger, 
Mepert. 74, 31.) — The products of decomposition are the same, whether 
the acid be heated in a retort alone, or in contact with spongy platinum 
or pumice-stone; but the addition of charcoal powder produces a great 
disturbance in the decomposition. (Reiset & Millon, N. Ann. Ghim. Phys. 
8, 290.) — Bergman had previously shown that oxalic acid when heated, 
melts, boils, and sublimes, partly undecomposed, partly resolved into a 
gaseous mixture consisting half of carbonic acid, and half of a gas which 
burns with a blue flame. — Oxalic acid is not, strickly speaking, com- 
hustible, but the carbonic oxide evolved from it in a red-hot crucible may 
of course be set on fire. 

3. Aqueous oxalic acid is very slowly oxidized by platinum-black, — 
if that substance contains oxygen — and converted into water and 
carbonic acid (D5bereiner, A7in. Phaimi. 14, 14.) 

4. Dehydrated oxalic acid absorbs dry chlorine gas, and forms with 
it, without evolution of gas, a white substance which is resolved by water 
into hydrochloric and carbonic acid. The acid containing water of 
crystallization is immediately decomposed by chlorine, yielding hydro- 
chloric and carbonic acid; 1 vol. chlorine produces 2 vol. carbonic acid. 
(Dobereiner.) Hence the dry compound is probably C^H^0®CP, and on 
addition of water yields 4CO- and 2HC1. Also when chlorine is passed 
through the aqueous acid, complete decomposition ensues, with formation 
of carbonic and hydrochloric acid. (Anthon, Pepeo'L 59, 342.) 

5. Bromine added to aqueous oxalate of potash or soda containing 
a slight excess of alkali, does not act in the cold; but between 40° and 
50°, pure carbonic acid gas is abundantly evolved and a metallic bromide 
formed. (Cahours, Aim. Ghim. PJiys. 19, 486; also J. pr. Ghem. 
41, 61): 

+ 2Br = 4C02 + 2KBr. 

6. By continued digestion with Nitric acid, oxalic acid is completely 
decomposed [yielding carbonic acid and water]. (Bergman.) Schlesinger’s 
more recent statement {RepeH, 7 4, 33) that oxalic acid is not decomposed 
by boiling nitric acid is unfounded; but at all events the decomposition 
takes place but slowly- (Gm.) IT According to Reinsch (Jahrh. pr. 
Pharm. 18, 189), a solution of effloresced oxalic acid in moderately 
heated fuming nitric acid yields, on cooling, a number of crystals having 
a glassy lustre, easily decomposible, and containing equal numbers of 
atoms of oxalic and nitric acid ? IF 

7. With aqueous Hypochlorous add, oxalic acid gives off carbonic 
acid and chlorine; if the former acid is strong and the latter crystalline, 
violent frothing takes place attended with evolution of heat. 

8. Oxalic acid heated with aqueous Iodic acid is decomposed, with 
evolution of carbonic acid and liberation of iodine (H. Davy) : 

SC^H-QS + 2105 =. 20CO= + lOHO + 21. 
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Periodic acid acts in a similar manner, but the decomposition is slow 
eren at a boiling heat. (Benckiser, Ann. FJiarin. 17, 258.) — With 1 pt. 
of hjdrate<i oxalic acid to 2 pts. iodic acid dissolved in 10 to 100 pts. 
water, no action takes places at 10"^ in 20 hours; at 18° or 20°, iodine 
separates out in 3 or 4 hours; and the decomposition is complete in 
4 or 5 days; at 60° it is completed in a few minutes, with violent 
effervescence. - — Light has also great influence on this reaction. If two 
equal portions of the mixture be taken, and placed for two hours, at 19°, 
the one in the dark, the other in sunshine (from 9 to 11 o’clock), the 
quantities of gas evolved by the two are as 1:12; and in the more 
powerful sunshine of 1 1 to 1 o’clock, the proportion is 1 : 1 8. Moreover 
there is as much carbonic acid evolved in sunshine at 10°, as in diffused 
daylight at 25°. — Spongy platinum likewise accelerates the decomposi- 
tion. If the temperature is so low that the mixture of the two acids 
evolves no gas, the introduction of spongy platinum immediately causes 
an evolution of gas. If a mixture which evolves gas be divided into 
two portions, and spongy platinum introduced into one of them, this 
portion will yield in a given time 25 or 30 times as much gas as the 
other. The evolution of gas increases with the quantity of spongy 
platinum, but not in the same ratio; with 5 and 10 grammes of spongy 
platinum, the quantities of gas evolved are as 3 : 4. Platinum plates having 
a surface of 84 square centimetres do not increase the evolution of gas; 
they become covered with bubbles which prevent their further action. — 
Charcoal likewise accelerates the evolution of gas, considerably at first, 
but after a short time more feebly, so that on the whole the quantity of 
carbonic acid given off is only doubled. — The proportion of the oxalic 
to the iodic acid has no influence on the rapidity of the decomposition, 
provided only that the quantity of the latter be sufficient to decompose 
the oxalic acid, that is to say, at least 332 pts. (2 At.) iodic acid to 630 
pts. (5 At. hydrated) oxalic acid. The reaction is likewise unaffected 
by the degree of dilution with water. — On the other hand, the reaction 
between the two acids, even between 60° and 80°, is prevented by the 
presence of very small quantities of hydrocyanic acid. If to a solution 
of 1 grm. of hydrated oxalic acid in 5 grammes of water there be added 
one drop of 1 5 per cent, prussic acid, and then a solution of 2 grm. iodic 
acid in a small quantity of water, no action is perceptible even for 
14 days; by that time however the hydrocyanic acid is exhausted and 
iodine separates out. For, in the- decomposition of oxalic by iodic acid, 
there are two stages to be distinguished : 1 . Oxidation by the iodic 

acid alone; 2. Oxidation assisted by the iodine set free in the first stage. 
The former of these actions is very trifling, and takes place even in 
presence of hydrocyanic acid; the second is very strong, but does not 
take place in presence of hydrocyanic acid, because this acid immediately 
converts the liberated iodine into iodide of cyanogen and hydriodic acid, 
and the latter, when hydrocyanic acid is present, does not act upon iodic 
acid in such a manner as to form water and iodine. But when hydro- 
cyanic acid is absent, this last-mentioned reaction takes place; and con- 
sequently, the decomposition of oxalic acid by iodic acid may be accele- 
rated by adding a small quantity of hydriodic acid, which throws down 
iodine and thereby facilitates the action. — Ferrocyanide and ferricyanide 
of potassium do not interfere with the reaction. (Millon, N, Ann, Ghim. 
Fki/s, 13, 31; also J. pr, Cliem, 35, 13.) 

9. Oxalic acid heated with oil of vitriol is resolved into water, which 
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remains behind, and a mixture of carbonic oxide and carbonic acid gases 
in e(][ual volumes. (Dobereiner.) 

C4H20S == 2HO + 2CO 4- 2CO^ 

Dehydrated oxalic acid decomposes with brisk effervescence in contact 
with fuming oil of vitriol, even at ordinary temperatures. The hydrated 
acid dissolves in oil of vitriol, and decomposes on the application of a 
gentle heat. (Dobereiner.) . — The decomposition of hydrated oxalic acid 
by common oil of vitriol begins between 110° and 115°^ (Gay-Lussac.) 
The dehydrated acid is decomposed by common oil of vitriol slowly at 
100°, quickly at 110°; the hydrated acid exhibits moderate effervescence 
at 104:°, if the oil of vitriol is in very large excess. (Turner.) — 1 pt. of 
hydrated oxalic acid heated with 10 pts. of purified oil of vitriol begins 
at 123°, to give off gas free from formic acid; a mixture of 1 pt. hydrated 
oxalic acid with 4 pts. sulphuric acid of sp. gr. only 1 *4, begins to boil 
at 122°; and as soon as, by evaporation of the water, the boiling point 
has risen to 134°, a slight evolution of gas takes place, becoming rapid 
at 143°, and ceasing at 155°. The gaseous mixture produced at 134° 
contains 11 vol. carbonic oxide to 12 vol. carbonic acid; that which is 
given off at 155° contains the two gases in equal volumes; the distil- 
late contains nothing but formic acid, amounting to rather more than 
^ per cent of the hydrated oxalic acid used. (Duflos.) — When 1 pt. 
hydrated oxalic acid is heated with 10 pts. Fhosphoric acid of sp. gr. 
1*3, similar phenomena are produced; the evolution of gas begins at 
140°, ceases at 3 63°, and the distillate contains formic acid, amounting 
to -J per cent of the hydrated oxalic acid. 

10. Aqueous oxalic acid reduces, with formation of carbonic acid and 
water: chromic acid to chromic oxide (vanadic acid to vanadic oxide, 
Berzelius), and the peroxides of manganese, lead, cobalt, and nickel to 
salifiable bases, with which the undecomposed portion of the oxalic acid 
combines, (Dobereiner) ; 

2Cm-0^ + 2Mn02 = C^Mn^QS + 4C02 + 4HO. 

Compare Winkelblech, Ann. Pharm. 13, 167. — When 4 pts. of dehydrated 
oxalic acid are saturated with 2 J pts. of peroxide of lead, the mass instantly 
rises to a red heat. Hydrated oxalic acid mixed with an equal or a double 
quantity of peroxide of lead, becomes strongly heated, with formation of 
aqueous vapour, carbonic acid gas, and carbonate of lead, but does not 
exhibit incandescence. (Bottger, X p?\ Gkem. 8, 4T7; Beitrdge, 2, 39.) 
— If the oxalic acid is mixed with chromic acid or one of the above-named 
peroxides, and with sulphuric acid at the same time, it is completely 
resolved into carbonic acid and water, with formation of a metallic 
sulphate. (Dobereiner): 

+ 2MnO" + 2S03 = 400= + 2HO + 2(Mn0,S03). 

11. Oxalate of ammonia mixed witb aqueous Frotochloride of Mer- 
cury is decomposed under the influence of light, yielding sal-ammoniac, 
calomel, and carbonic acid. (Blanche, J. Fharm. 1, 62.) Probably thus : 

2NH3,C-H20s + 4HgCl = 2NH^C1 + 2Hg2Cl + 4C02. 

The mixture of the saturated solutions remains clear in the dark; in day- 
light it becomes turbid in six minutes, and in the course of an liour 
deposits calomel, which in sunshine quickly falls down in soft flakes, 
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surrounded witli bubbles of carbonic acid gas. The filtrate no longer 
contains inercurj; but sal-ammoniac and undecomposed oxalate of 
ammonia. (Planclie.) 

12. Ter oxide of Gold, in contact wib aqueous oxalic acid, is quickly 
reduced to the metallic state, with evolution of carbonic acid. From an 
aqueous solution of chloride of gold, oxalic acid throws down all the 
gold in the metallic state, slowly in the dark, more quickly under the 
influence of light, the decomposition being attended with evolution of 
carbonic acid. (Eelletier.) 

13. Oxalic acid and its salts added to the aqueous solution of Bichlo- 
ride of Platinum, precipitate the metal under the influence of sunshine, 
with evolution of carbonic acid (Dobereiner, 8chw. 62, 94). Kemp 
(Pepert. 74, 236), who perhaps did not expose the mixture to the sun, 
states that no precipitation takes place. — The aqueous solution of chlorir- 
idiate of Ammonium is not decomposed by oxalic acid at a boiling 
heat; but on exposure to sunshine, it is completely decolorized, with 
evolution of carbonic acid and precipitation of grey metallic iridium. 
(Dobereiner.) 

14. Salt of sorrel heated with Hydrate of Potash, is resolved into 
hydrogen gas and carbonate of potash. (Peligot, Ann, Ghim. Phys. 73, 
133): 

C^HKOS -f 3(KO,HO) = 4(K0,C02) + 2HO + 2H. 

Similarly when heated with Hydrate of Baryta, it yields hydrogen gas 
and colourless alkaline carbonate (Dumas & Stas, Ann. Ghim. Phys. 73, 
123; Pelouze & J^Iillon) : 

C^HKQs + 3(HO,BaO) = K0,C02 + 3(Ba0,C02) + 2HO + 2H. 

15. Anhydrous normal oxalates heated with dry Baryta, yield car- 
bonic oxide gas and carbonate of baryta. (Pelouze <& Millon, Ann. Pkarm, 
33, 182) : 

OTFQs + 2BaO := 2(Ba0,C02) + 2MO + 2CO. 

16. Potassium and Sodium decompose dehydi-ated oxalic acid at a 
gentle heat, with vivid combustion, yielding charcoal and alkali [and 
hydrogen gas]. (Gay-Lussac Sc Thenard.) 

Gomhinaiions. With Water. 

a. Hydrated Oxalic acid. Commonly called crystallized oxalic acid; but the 
dehydrated acid is also crystalline — The dehydrated acid becomes heated by 
contact with water; when exposed to the air, it quickly absorbs as much 
water as the hydrated crystals had lost on being heated (Richter); lieuce 
the sublimed needles of the dehydrated acid quickly become opaque on 
exposure to the air. (Turner.) The crystals which separate from the 
aqueous solution by evaporation or cooling, always consist of the hydrated 
acid. — (Preparation, p. 112.) 

Large, transparent, colourless prisms belonging to the oblique pris- 
matic system, fig. 95; the a-faces may however he wanting. Cleavage 
parallel to u and ; i : u or u'=9S° 30'; 21 :ti== 63° 5’, i : c= 129° 20'; 
i : i [backwards f]=:103'^ 15'; ^ : (z=107°. The faces ?, c, and /appear as 
faces of a six-sided prism, and the faces u and a as acumiuation-faces of 
the same. (Brooke, A7in. Phil. 22, 119.) Sometimes also the t^-faces are 
very predominant u : u! [probably backwards] = 11 6° 52'; u :/=117'^ 2', 
i :c=129°20'; c :/=zl27^ 26'; c if backwards =103^ 24'; a above : a 
below=145'’ 24'; a;w=140® 19'. (Prevostaye, H. Ann. Ghim. Phys. 
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4, 453); see also Eammelsberg {Pogg. 93, 25). — The crystals placed 
over burnt lime within a bell-jar not exhausted of air, do not give off 
water at ordinary temperatures, even in the course of several hours; 
but at 21° they effloresce on the surface. (Turner.) At 100°, they slowly 
give off all their water on exposure to the air. — Sp. gr. of the crystals 
1*641. (Joule & Playfair, Ohem, Soc, Qio. J. 1, 121.) 

Thomson. Berard. Berzelius. Bergman. Richter. 

90 .... 71*43 .... 77 .. , 72*7 . .. 71*5 .... 70 .... 69*7 

4Aq 36.... 28*o7 ... 23.... 27*3.... 28*5.... 30.... 30*3 

'C^H-OS + 4Aq .... 126 .... 100*00 .... 100 .... 100*0 .... 100*0 .... 100 .... 100*0 

Or : Prout. Hermann. 

4 C 24 .... 19*05 19*04 19*4 

6 H 6 .... 4*76 4*76 4*7 

12 O 96 .... 76*19 76*20 75*9 

126 .... 100*00 100*00 100*0 

h. Aqueous Oxalic Acid. The crystals of the hydrated acid dissolve 
in 8 of cold water, forming a thin, transparent, and colourless liquid 
of sp. gr. T045. (Richter.) They dissolve in 15*5 pts. of water at 10® 
in 9*5 pts. at 13*9°; in very small quantities at 100°, and at the boiling 
point of the solution, which is considerably above 100°, in almost any 
proportion, inasmuch as, even at 104*5, they deliquesce in their water 
of crystallization. (Turner.) Oxalic acid contaminated with nitric acid, 
dissolves in 2 pts. of cold water. (Berzelius.) The crystals sometimes 
decrepitate as they dissolve in water. 

Oxalic acid dissolves in hydrochloric and in dihde mVphuric acid, 
without decomposition. 

Oxalates. Oxalic acid is one of the strongest acids, and in its affl- 
nity for certain bases, lime for example, exceeds even the strongest 
mineral acids. — When common salt is distilled with aqueous oxalic achl, 
a large quantity of hydrochloric acid is evolved. (Berthollet, Statiqiie 
CJiim. 1, 271.) Dry chloride of sodium or chloride of calcium intimately 
mixed with hydrated oxalic acid, gives off all its hydrochloric acid when 
heated, so that the residue left after ignition consists of carbonate of soda 
or carbonate of lime. (A. H. Wood, FML Mag, J. 5, 445; compare 
Kobell {J. pr. Ghem. 14, 379.) Oxalic acid decomposes aqueous hydro- 
chlorate or nitrate of soda, acid oxalate of soda crystallizing out. (Dohe- 
reiner, JI CJiem. 15, 317.) — The solution of dehydrated oxalic acid 
in absolute alcohol does not decompose carbonate of potash or carbonate of 
lime, hut the carbonates of baryta, strontia, and magnesia, are decomposed 
byit;italso dissolves nitrate of lime dissolvedin absolute alcohol. (Pelouze.) 

Mormal oxalates in their driest state, in which however they cannot 
all be obtained are = C’^M-0®; the acid oxalates = C^HMO®; the hyperacid 
oxalates = C^H MO'', C^H-0®; there are also basic oxalates. If oxalic acid 
be regarded as C^HO^, the normal salts will be = C^AIO^, the acid salts 
= and the hyperacid salts = C-MO^,3C^H'^0^ according to 

which formula they may be distinguished, as monoxalates, hloxalates, and 
qtiadroxalates. According to the formula, C^H-0®, adopted in this work, 
they might be distinguished as dioxalates, monoxalates, and bioxalates; 
this nomenclature, however, we shall not adopt, as it would lead to 
confusion of terms. — Dulong regards the anhydrous normal salts (C^MO^ 
or CWO®) as compounds of a metal with carbonic acid. 
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The anhydrous normal oxalates of the fixed alkalis are resolved; hy 
gentle ignition out of contact with the air, into carbonic oxide gas and 
alkaline carbonates; those of the earths, and of those heavy metallic 
oxides which retain their oxygen with the greatest tenacity, such as 
manganous oxide, into a mixture of carbonic oxide and carbonic acid 
gases in equal volumes, and a residue of oxide; and those of other heavy 
metals, into carbonic acid gas and a residue of metal. The lead-salt gives 
off 3 vol. carbonic acid to 1 vol. carbonic oxide, and suffers partial 
reduction : 

= 2CO + 2(KO,CO-) 

= 2CO + 2C02 4- 2MgO 
aCu^O^ == 4C02 4- 2Cu 
CW08 = CO 4- 3C02 4- Fb^O. 

The oxalates of mercury, silver, and platinum exhibit slight detona- 
tion when thus decomposed. — Oxalates when thus heated in a close 
vessel leave little or no carbon, and are thereby distinguished from the 
salts of most other organic acids. The very small quantity of charcoal 
wdiicli the oxalates of the earths and fixed alkalis often leave, whereby 
the residue acquires a greyish tint, — or at least a slight greyish or brownish 
shade is imparted to the substance during the ignition, — is attributed by 
Berzelius {LeJirb,)^ to organic impurities, and by H. Bose {I*ogg. 9, 26), 
to the fact that some of the water present is decomposed [but this should 
produce the contrary effect, inasmuch as the oxygen of the water would 
then contribute to the combustion of the carbon]. 

The oxalic acid contained in oxalates exhibits many of the above- 
mentioned reactions of the free acid. Thus, oxalates heated with oil of 
vitriol give off carbonic acid and carbonic oxide in equal volumes. Alka- 
line oxalates dissolved in water are converted by platinum-black into 
carbonates. (Dobereiner, Ann, JBharm, 14, 14.) When boiled with 
aqueous chloride of gold, they throw down metallic gold, — Potassium 
decomposes many anhydrous oxalates with loud explosion. 

Most normal oxalates are insoluble in water; a few dissolve in aqueous 
oxalic acid and sal-ammoniac; all in dilute nitric acid, but less readily 
than most other salts of organic acids which are insoluble in water. 
Oxalates dissolved in water precipitate all dissolved lime-salts, even 
gypsum, unless a strong mineral acid be present in considerable excess; 
the precipitate is insoluble in acetic acid and in sal-ammoniac. 

Oxalate of Ammonia. — a. Xormal. 1. Obtained by neutralizing the 
acid with ammonia or carbonate of ammonia. — 2. By decomposing 
oxalate of lead with hydrosulphate of ammonia which has been prepared 
by precipitating aqueous sulj)hide of barium with carbonate of ammonia 
and distilling the filtrate (Liebig, iV. 18, 2, 260). — Long prisms 
united in tufts, and belonging to the right prismatic system. Fig. 78; 
without distinct directions of cleavage; p in ox to=z 90^; : ^ = 143^ 30'; 

^:j 5=:126^ 30^; 2^' : ^^ = 104"^ 6'; : m = 142'' 3'; u' :t = 

1 27^ 57'; w : the face above 121° (Brooke, An7i. Fhil. 22, 374; compare 
Prevostaye, AT. Ann, Chim. Fhys, 4, 453; (see also Rammelsberg. 
(Pogg. 98. 29.) — Very slightly volatile at ordinary [temperatures. 
(Faraday, Po^g. 19, 552.) Has the taste of sal-ammoniac. Sp.gr. of 
the crystals = 1-5. (Joule and Playfair, C/iem. Soc, Qu. J, 1, 121.) 
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2NH3 

CW 

2 HO 

Dried.. 

34 . 

72 . 

........ 18 . 

... 27*42 .. 
... 58*06 .. 
... 14*52 .. 

Berzelius. 

59*37) 

13*75) "•* 

B&ard. 

.... 27*66 ... 

.... 72*34 ... 

Thomson , 
25*55 

74-45 

CX2NH^)OSj 

124 . 

... 100*00 .. 

100*00 .... 

.... 100*00 .. 

100*00 


Crystallized. Berzelius. Berard. Kammelsberg. 

87-4 87 50-78 .... 50-07 

.... Z.Z 36 25-35 12-6 13 

C-‘(2NH-‘)OS + 2A(i 142 . . 100-00 100-0 100 

Tlie crystals effloresce when heated; giving off 2 At. water. At a 
higher temperature; the dry residue is resolved; with partial fusion; and 
leaving at most a trace of charcoal, partly into carbonic oxide, carbonic 
acid, ammonia, and water, partly into oxamide and water; part of it also 
yields hydrocyanic acid, and if the distillation be interrupted at the 
proper time, oxamic acid is likewise found in the residue. The decom- 
position may, perhaps, be represented by the following equations: 

C^N-H808 = 2CO + 2C02 + 2NH3 + 2HO. 

C^NH^O^ = + 4HO. 

oxamide. 

C4N2HS08 =. 2C02 + C”NH + + 4HO. 

[Respecting the oxamic acid, rid. acid oxalate of ammonia.] 

A small portion only of the salt sublimes nndecomposcd [or rather in 
the form of oxamide], the greater part yielding carbonate of ammonia 
(Bergman), together with carbonic oxide and water. (Berzelius.) When 
carefully heated, it yields carbonate of ammonia and carbonic oxide gas 
free from carbonic acid. (Mitchell, Sill. Am. J. 25, 344.) — If the heat 
be maintained at 220°, the salt is wholly resolved into carbonic oxide and 
carbonate of ammonia, without any formation of oxamide. (Malagiiti, 
Compt. rend. 22, 852.) Oxalate of ammonia in combination with cerons 
or manganous oxalate, yields hydrocyanic acid when heated, in addition 
to carbonic oxide, carbonic acid, ammonia, and water. (Dobereiuer,Z?e/)e?*^. 
15, 425.) — The anhydrous salt melts and boils only where it is in con- 
tact with the hot parts of the retort, giving off: first ammonia; then a 
mixture of carbonic oxide and carbonic acid (the former predominating 
in the beginning, because a large quantity of carbonic acid enters into 
combination with the ammonia, afterwards in equal volumes, and ulti- 
mately mixed wnth cyanogen gas [vapour of hydrocyanic acid'?]); then 
carbonate of ammonia, with 4 or 5 per cent of oxamide, which partly 
sublimes, partly passes over into the watery distillate, so that the oxamide 
floats therein in white flakes: there remains a trace of charcoal. (Dumas 
Ann. Ohim. Fhys. 44, 128; also J. Ghim.mM. 6, 401; also Schw. 61, 82; 
also JPqgg. 19, 474.) A small quantity of oxamic acid is also formed at 
the same time, because the residue, by evolution of ammonia, is partly 
converted into acid oxalate of ammonia. (Balard.) The salt, even wfflen 
dissolved in hot w'ater, gives off ammonia, and acquires the power of 
reddening litmus. (Emmett.) The aqueous solution of the salt is decom- 
posed in the circuit of the yoltaic battery, yielding carbonic acid at the 


2NH3 
4 HO 
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positive, and ammonia and water at tlie negative pole. (Baniell, Ann* 
Fka'^ui. 36, 35): 

C^NSHSQS = 4C02 + 2NH3 + 2H. 

Tlie a(][ueous solution becomes alkaline, when exposed to the liglit for 
half a year. (Horst, Br. Arch, 4, 257.) The salt heated with -I- to ^ its 
weight of oil of vitriol, yields carbonic oxide and carbonic acid in equal 
volumes, and sulphate of ammonia. (GralL Bliil. Mag, J, 6, 232.) — This 
statement of GelFs contradicts that of Mitchell {Sill. Am. J. 25, 344), 
who finds that, in this decomposition, carbonic oxide free from carbonic 
acid is given off, together with carbonate of ammonia, and nothing 
remains but strong sulphuric acid. — The salt dissolves in about 20 pts. 
of cold water, but not in alcohol. 

h. Add-salt. — 1. Precipitated in the crystalline form from the aqueous 
solution of the normal salt, by oxalic, sulphuric, hydrochloric, or nitric 
acid. — IF 2. A hot aqueous solution of 1 At. oxalic acid and 1 At. 
chloride of ammonium deposits this salt on cooling. (Anderson, Qliem. Soc. 
Qii.J.l. 231.) IT. — Yields crystals belonging to the right prismatic 
system. Fig. 68, but generally without the y-face, and on the other 
hand, with the m-face. p : iz=z 150^ 47^; p : t ox m 90°; tc : wz, = 155° 
37'; w : ^ = 114^ 23'; i : ^ = 119° 13'. (Prevostaye, N. An? 2 . Ghim. Phys. 
4, 453). — The salt tastes sour, reddens litmus, and is less soluble in 
water than the normal salt. — Sp. gr. of the crystals, 1*6 13. (Joule & 
Playfair.) 


NH3.. 

2 HO .. 

Dehydrated. 

17 

72 

18 

.... 15*89 

.... 67*29) 
.... 16*82/ 


Berard. 

16*05 

83*95 

C^(H,NH^)03 

107 

.... 100*00 


100*00 


Crystallized. 



B6rard. 

Eammelsberg-, 

NH3 

17 

t.f* 

13*60 

14*00 

14*12 

CW 

72 

.... 

57*60 

58*72 

57*75 

4 HO 

36 

.... 

28*80 

27*28 

........ 28*13 


CTH,NH-^)0«4-2Aq .... 125 .... 100*00 100*00 lOO'OO 


The crystallized salt yields by dry distillation, first water; then 
carbonic oxide and carbonic acid gases, a large quantity of formic acid and 
oxamide; afterwards carbonate and hydrocyanate of ammonia; and if the 
heat be then discontinued, the residue consists of oxamic acid C^NH^O®. 
(Balard.) The crystals, when gently heated, effloresce from loss of water, 
sometimes undergoing the aqueous fusion at the same time. At a higher 
temperature, the solidified mass becomes viscid; between 220° and 230° 
it becomes pasty, and begins to decompose with strong intumescence; gives 
off a mixture of carbonic acid with a smaller quantity of carbonic oxide 
gas; and yields a distillate containing a large quantity of formic acid, 
together with a small sublimate of oxamide. At a higher temperature, 
when the disengagement of gas ceases, a yellow bitter substance is 
produced, and a mixture of hydrocyanate and carbonate of ammonia is 
evolved, which effervesces with the acid distillate previously passed over. 
If the process ho then interrupted, there remains in the retort a porous^ 
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pale yellow mass (or brown, if too naucli beat bas been applied) of 
oxamic acid, possibly mixed with small quantities of oxamide and unaltered 
acid oxalate of ammonia. The dry salt, C^NH^O®, is resolved into 
C^NH^O® and 2HO. (Balard, N. Ami, Ckim, JBhys, 4, 93; also Anm 
Fham, 42, 196; also J, pr. Chem, 25, 84.) 

c, Hyperacid Salt. Crystallizes from tbe aqueous solution of equal 
parts of laydrated oxalic acid and crystallized acid oxalate of ammonia. 
In crystalline form and in composition, it resembles tbe corresponding 
potash-salt (Graham), exhibiting only a slight difference in the angles. 
(Prevostaye.) The crystals effloresce at 100°, giving off 15*4 per cent 
(4. At.) of water. They dissolve readily in hot water. (Rabourdin, J, 
Pharm. 6, 187.) Specific gravity of the crystals, 1*652. (Joule & 
Playfair.) 


Dn'ed at 100°. 


Rabourdin. 

8 C 

. 48 . 

... 24-36 . 

24*18 

N 

. 14 . 

... 7*11 . 

7*32 

7 H 

7 . 

... 3*55 . 

3*61 

15 0 

. 128 . 

... 64*98 . 

64*89 

C^(H,NH'‘)OS,C<ffOS .... 

. 197 . 

... 100*00 

100*00 


Crystallized, 



Rabourdin. 

8 C 

48 

... 20*60 ., 

20-44 

N 

14 

... 6*01 

5*99 

11 H 

11 . 

... 4-72 

4*69 

20 0 

160 . 

... 68-67 . 

68*88 

C-'(H,NH^)O^C-*HW-i-4Aq .... 

233 , 

... 100*00 . 

100*00 


Oxalate of JBotaBli. — a, Hormal , — Salt of sorrel is heated with water 
and carbonate of potash, till the liquid becomes slightly alkaline; the 
solution is then filtered and cooled to the crystallizing point. According 
to Wenzel, the crystals are rhombic and six or more-sided prisms with 
oblique dihedral summits; according to Prevostaye (W. Ann, Chim. Phys, 
4, 453, the memoir being accompanied by a figure of the crystals), they 
belong to the oblique prismatic system and exhibit a complicated form. 
^ According to Rammelsberg, they are octohedrons belonging to the 
oblique prismatic system, (vid. Pogg, 93, 27, where the measurements of 
the angles are given.) — The crystals have a cooling bitter taste and 
effloresce when heated. (Bergman.) They contain 2 At. water. At 
100°, they quickly become opaque, but do not give up all their w^ater till 
heated to 160°; in a moist atmosphere, the dry residue again takes up 
10*63 per cent of water. (Graham.) As Berard found much more 
w’ater in the crystals, it wmuld appear that there are two kinds to be 
distinguished. The dry salt leaves carbonate of potash when ignited. 
Mixed with an equal -weight of pulverized antimony and ignited for 10 
minutes in a covered crucible at the heat of a blast furnace, it leaves 
antimony containing potassium. The crystals dissolve in 3 pts. of cold 
water. (Thomson.) Sp. gr. of the bihydrated crystals =2* 127. (Joule 
& Playfair.) 

Dehydrated, F. C. Vogel. Thomson. 

2KO 94*4 .... 56*73 55*78 55*13 

CW 72-0 .... 43*27 44-22 44-87 

C^K-0® 166*4 .... 100*00 100*00 100*00 
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Graham’s 

2 KO 

CW 

2 HO 

Crystals. 

.. . 94*4 . 

.... 72*0 . 
.... 18*0 . 

... 51*19 
... 39*05 
. . 9*76 

Kammelsberg. 

50*85 

38*49 

C^K20S + 2Aq 

184*4 . 

... 100*00 


BerarWs Crystals. 

* 

Eerard. 

2 KO 

.... 94*4 . 

... 42*83 

42*12 



.... 72*0 . 

... 32*67 

. .. . 32*46 

6 HO 

.... 54*0 . 

... 24*50 

. . . 25*42 

C'*K-W + 6Aq .... 

.... 220*4 . 

... 100*00 

100*00 


h.AcidSoIt. — a. — 'Salt of Sorrel y SauerMeesalz, Sal AcetosellcSy Oxalium, 
— Obtained from tlie juice of various species of Oxalis and Eumex, bj 
evaporation, clarifying, crystallization, and recrystallization, or by par- 
tially saturating with carbonate of potash the oxalic acid produced by 
the action of nitric acid on sugar or syrup. — The hydrated crystals, which 
are permanent in the air and have a sour and bitterish taste, belong to 
the oblique prismatic system. Fig. 114, the edge between a and a being 
replaced by the i-face. i 133° 26'; i i 7 Yi=i 90°; i : it,=: 132°; 
i :a = 130° 35'; u'. a — 127° 50'; u :m— 103° 38' ; t \ m — 90° (Prevos- 
taye). The crystals yield by dry distillation, 1 per cent of a white acid 
sublimate [dry oxalic acid?] and 31 per cent of colourless water containing 
oxalic acid (a small quantity of oxalic and a large quantity of formic acid, 
according to Dobereiner, Schw. 63, 222,) and leave 33*3 per cent of a light 
grey residue, consisting of carbonate of potash with 0*4 per cent of 
charcoal. (Wiegleb.) — Salt of sorrel adulterated with cream of tartar 
leaves a considerable quantity of charcoal; according to Dumas, it like- 
wise blackens and gives off sulphurous acid when heated with oil of 
vitriol. — The crystals dissolve sparingly in cold water, in 14 pts. of 
boiling water, and in 34 pts. of boiling alcohol. (Wenzel.) Sp. gr. of 
the aqueous solution saturated at 8° = 1*014. — Sp.gr. of the crystals 
= 2'044. (Joule^& Playfair.) 

Crystallized, Graliam. F. C. Vogel. 

KO 47*2 .... 32*28 32*23 31*44 

72*0 ... 49*25 49*38 55*93 

3 HO 27*0 .... 18*47 18*39 12*63 

C^HKOS-i-2Aq.... 146*2 .... 100*00 100*00 100*00 

According to Rammelsberg {Fogg. 93, 32), the salt obtained 
by saturating a certain quantity of oxalic acid with carbonate of potash 
and then adding an equal quantity of oxalic acid, forms crystals belonging 
to the right prismatic system, and containing only half as much water as 
the preceding. 

Kammelsberg. 

2 KO 94*4 .... 35*54 36*41 .... 35*22 .... 35*36 

2 144*0 .... 54*28 55*31 .... 54*32 .... 54*00 

3 HO 27*0 .... 10*18 

2C^HK08 + Aq 265*4 .... 100*00 

or, according to Kammelsberg : 2(K0,2C20^J + 3Aq. 

r/. Kammelsberg also, in preparing potassio-aiitimonic oxalate {q 'v.'), 
obtained another hydrate containing as much water as o, or ^ as much 
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as /3. This salt is more soluble than the ordinary hydrate [a or /S^], from 
the solution of which it might perhaps be obtained by crystallization at 
lower temperatures. Its crystalline form is also different; and the crystals 
ejffloresce very quickly. 

Eammelsberg. 

KO 47*2 .... 34-37 34-58 

C-^06 72-0 .... 52-50 51-93 

2 HO 18-0 .... 13-13 

Antimonic oxide .... ........ 1*05 


C^HKOS + Aq 137-2 .... 100*00 

Or: K0j2C-0^+ 2Aq. The crystals were contaminated with a small quantity of 
adhering antimonic oxide, which could not be separated from them. (Eammelsberg.) % 

C. Mypey'acid —Discovered by Savary and Wiegleh ; more minutely 

examined by Wollaston, (Phil. Trans, 1808, 99.) — According to Berard, it is some- 
times sent into the market instead of salt of sorrel [when the latter is prepared from 
oxalic acid and carbonate of potash.] — Precipitated on adding oxaliC; sulphuriC; 
hydrochloric; or nitric acid to the saturated aqueous solution of normal or 
acid oxalate of potash; it is also produced by mixing an aqueous solution 
of chloride of potassium with oxalic acid. — Very acid needles. (Wiegleh.) 
Complicated crystals, often of great size, belonging to the doubly oblique 
prismatic system (Prevostaye, JSf. Ami. Cliim. Jr^liys. % 453, where a 
ligxire of the crystals is given together with the magnitudes of the angles. 
Sp. gr. 1*849 (Joule & Plajrfair.) The crystals give off 13*43 per cent 
of water at 128°. (Berzelius.) The residue, when more strongly heated, 
gives off part of the oxalic acid without decomposition, the rest in the 
decomposed state, and leaves carbonate of potash. Tbe carbonate of 
potash left by 3 pts. of this salt exactly neutralizes 1 pt. of the undecoin- 
posed salt, (Wollaston.) — The salt is still less soluble in water than tbe 
salt li. According to Pobl (/. pr. Chem. 56, 216), 1 pt. of the salt 
dissolves at 20*6'', in 20*17 pts. of water. 



Anhydrous. 




KO 

... 47*2 .. 

21*63 



2 CW 

... 144*0 .. 

65-99 



3 HO 

.... 27*0 .. 

12-38 



C'iHK0S,C^H-08 

.... 218-2 .. 

100*00 



Crystallized. 


Berard. 

Eammelsberg. 

KO 


.. 18*57 .... 

.... 18*95 .. 

18-24 

2 

144*0 ,. 

.. 56*65 .... 

.... 57*64 „ 

55-73 

3 HO 


.. 10*621 

.... 23-41 


4 Aq 

36*0 .. 

.. 14-16j 



eiHKO®,C^H~OS + 4Aq.... 254-2 .... 100-00 100*00 


Oxalate of Potash and Ammonia, — 146*2 pts. [I At.] of salt of 
sorrel with 19 pts. [17 pts = 2 At.] ammonia form long needles per- 
manent in the air. (Wenzel.) — T. The solution subjected to fractional 
crystallization, first yields crystals Laving the form of neutral oxalate of 
ammonia, and containing that salt in large excess; hut afterwards the 
proportion of the ammonia-salt diminishes, and ultimately crystals are 
obtained nearly free from ammonia and having the form of neutral 
oxalate of potash. The third crop of crystals obtained from such a 
solution contained 34*55 p. c. (=22 At.) oxide of ammonium to 2*76 p. Cr 



OXALATE 0? SODA AND POTASH. 


127 


(1 At.) potashj and the next crop, which had the form of the potash-salt, 
contained only 1 At. NH^O to 60 At. KO. Similar results are obtained 
by neutralizing binoxalate of ammonia with potash. Hence it appears 
that there is no definite oxalate of potash and ammonia, but that the 
two salts merely crystallize together in isomorphous mixtures, taking 
the form sometimes of one, sometimes of the other salt, the ammonia 
salt, from its inferior solubility, greatly predominating in the earlier 
crystallizations. (Eammelsberg, Fogg. 93, SO.) IT 

Oxalate of Soda.. — a. Hormal. — Obtained by neutralizing 1 pt. 
of hydrated oxalic acid with 2 pts. of decahydra ted carbonate of soda. 
Small crystalline grains, permanent in the air. They turn violet-juice green; 
have but little taste; are converted into the acid salt by the stronger acids; 
are very slightly soluble in water, and insoluble in alcohol. (Bergman.) 
— T. 1 pt. of oxalate of soda dried at 100° dissolves at 21-8° in 26*78 
pts. water, and at the boiling point of the solution in 16*02 water (Pohl); 
in 36*4 pts. of water of ordinary temperature, and 24*6 pts. of boiling 
water. (Eammelsberg.) These crystalline grains leave 79*01 per cent 
of carbonate of soda w^hen ignited, and are therefore anhydrous. (Graham.) 
Berard, who found in the crystals only 41 *08 per cent, and Thomson, 
who. found only 31*08 per cent of soda, appear to have examined a 


hydrated crystallized salt. 

Crystallized. 


Graham, 

2 NaO 

62-4 .. 

46*43 ... 

46*33 

CW 

71*0 

... 53-57 


C^Na-Qs 

134*4 . 

... 100*00 



h. Acid. — Obtained by neutralizing a certain quantity of oxalic acid 
with carbonate of soda, — heating with water at the same time, and 
then adding an equal quantity of the acid. Also by dissolving 1 At. 
oxalic acid and 1 At. chloride of sodium in hot water and leaving the 
solution to cool. (Anderson.) — The crystals redden litmus. In vacuo 
over oil of vitriol, they lose somewhat more than 1 per cent, hut near 
upon lOO'^ they lose 14*64 per cent (somewhat more than 2 At.) water; 
and leave when ignited 40*67 p, c. carbonate of soda (Graham); 40*9 p. c, 
(Berard.) 


Crystallized. Berard. Graham. Eammelsb. 


KaO 

31*2 . 

... 23*96 .... 

23*99 ... 

23*84 23*88 

c*o^ 

... 72*0 . 

... 55*30 ... 

57-90 ... 

54*11 

HO 

. 9*0 . 

... 6*91) 

18*11 


2 Aq 

... 18-0 , 

... 13*831 - 


C-'HNa08 + 2Aq ., 

... 130-2 . 

... 100*00 ... 

100*00 



Oxalate of Soda and Potash. — Salt of sorrel neutralized with soda 
yields crystals resembling alum, not deliquescent; they dissolve easily in 
water and then separate out in efflorescent masses. (Wenzel.) — IT Ac- 
cording to Eammelsberg, on the contrary {Fogg. 79, 562), a boiling 
solution of salt of sorrel neutralized with carbonate of soda, yields on cooling 
(or by evaporation, if dilute) a crystalline pulverulent salt, wbielr is not a 
double salt of soda and potash, but ordinary oxalate of soda, C^Na^O®. ^ 

Oxalate of Lithia. — a. IFormal. — Crystallizes with difficulty in 
small opaque nodules, which dissolve readily in w^ater. — h. Acid — 
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Transparent, crystalline grannies, somewliat less soluble tlian tbe normal 
salt. (C. Gmelin.) 

Oxalate of Baryta, — a. Normal. — a. With 2 At. Water. — Preci- 
pitated in tbe form of a white tasteless powder, on^mixing oxalic acid with 
excess of baryta-water, or normal oxalate of potash with the aqueous 
solution of a baryta-salt. It is not dehydrated by being heated above 
100"^; but when subjected to dry distillation, yields water, carbonic oxide, 
carbonic acid, a hydrocarbon, and an empyreumatic oil, leaving a residue 
of carbonate of baryta mixed with charcoal. (Dulong.) — It dissolves in 
200 pts. of cold water, and in an equal quantity of hot water. (Bucholz, 
Tasche7ih. 1818, 188.) — Dissolves much more readily in a cold aqueous 
solution of sal-ammoniac. (Brett, Fhil. Mag. J. 10,95; Wachenroder, 


Ann. Fharm, 41, 315.) 

2 BaO 

C^O‘5 

2 HO 

153-2 . 
72-0 . 

18-0 . 

Berard. 

... 63 00 ... 
... 29-601 
... 7-401 

Thomson, 
62-17 ... 

37-83 ... 

Graham, 

62 

38 

C^Ba=03 + 2Aq 

243-2 . 

... 100-00 ... 

100-00 



IF With 1 At. water — Separates immediately on mixing a concen- 
trated solution of chloride of barium with a very small quantity of oxalic 
acid. Forms very small crystals undistinguishable by tho naked eye, 
but appearing under the microscope as very regular sharp-edged prisms. 
Very sparingly soluble in water. (W. Wicke, A7in. Fharm. 00, 108.) 

'SMche. 

2BaO 153-2 .... 65-42 65*18 

72-0 .... 30-74 

HO 9-0 .... 3-84 

C^Ba^Qs + Aq 234*2 .... 100-00 ^ 

h. Acid Salt. — When carbonate, hydrochlorate, or nitrate of baryta 
is mixed with excess of aqueous oxalic acid, the filtrate on cooliug yields 
transparent crystals, which, when boiled with water, are resolved into 
the insoluble salt a, and an acid liquid, from which crystals of the salt h. 
sep-arate on cooling. (Bergman.) — A concentrated solution of chloride 
of barium mixed with oxalic acid yields needles; a dilute solution remains 
clear. (Gm.) 100 pts. of the salt obtained from carbonate of baryta, 

yield, when boiled with water, a quantity of oxalic acid equal to that 
which is contained in the undissolved normal salt. The acid salt yields 
by ignition, a quantity of carbonate of baryta containing 45 per cent of 
baryta. (Berard.) — Wiien carbonate of baryta is treated with excess of oxalic acid, 
and the resulting salt simply washed with cold water till it has lost its sour taste, it 
yields by ignition 59*82 per cent of baryta, not much more therefore than the normal 
salt. The salt thus obtained is therefore the normal salt, having merely a small quan- 
tity of free oxalic acid adhering to it ; neither is an acid salt obtained by digesting tlie 
normal oxalate with free oxalic acid; hence the acid oxalate appears not to exist. 
(Gr^am.) — When saturated solutions of oxalic acid and chloride of 
barium are mixed in equal quantities, no turbidity is produced at first; 
but in about a minute, crystals of the acid oxalate begin to form in 
abundance. These crystals are acute rhombic laminte. They dissolve in 
S36 pts. of water at 15-5^, forming an acid solution; are decomposed by 
hot water; converted into the normal oxalate by alkaline solutions; and 
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are not altered by alcohol or ether. After drying in vacnOj they suffer 
no loss of Ts^eight at 100^; at 177°, they give off water; at 204^^5 oxalic 
acid; and at higher temperatures they evolve carbonic acid and leave 
carbonate of baryta. (Clapton, Qhem., Soc. Qu, J. 5, 223.) — Chloride 
of barium added to excess of oxalic acid yields an acid oxalate of baryta, 
which by slow evaporation may be obtained in beautiful pointed crystals 
several lines long. Dissolves sparingly in cold, more readily in warm 
water, and is precipitated from its a(][ueous solution by alcohol. (W. 
Wicke.) f 

Berard. 


BaO 



3 HO 


. 76*6 .... 

. 72*0 .... 

. 27*0 .... 

43*62 

41*00 

15*38 

45*0 

C-^HBaOs + 2Aq 


. 115-6 .... 

100*00 





Clapton. 

Wicke. 

BaO 

76*6 

.... 45*98 

45*86 




72*0 

.... 43*22 

39 03 


2 HO 

18'0 

.... 10*80 

12-65 


C'*HBa03 + 4Aq 

166*6 

.... 100*00 

97*54 



Berard’s determination of the baryta agrees better with the second of the above 
formulse than with the first. 

Oxalate of Stro7itia. — a. Xormal. — a. With 2 At, Water, — Formed 
by precipitating nitrate of strontia with normal oxalate of potash. White 
tasteless powder. (Hope.) — When heated above 100°, it still retains 
water, and at higher temperatures evolves the same products as the 
baryta-salt. (Dnlong.) — Dissolves in 19*20 pts. of boiling water. (Hope.) 
— Dissolves sparingly in cold, easily in hot aqueous solutions of hydro- 
chlorate of ammonia, and still more readily in nitmte of ammonia. 
(Brett.) 

Air-dried. Berard. Vauquelin. Thomson. 

2 SrO 104 .... 53*61 54*46 59*5 60*23 

C-'O® 72 .... 37*11 

2 HO 18 .... 9*28 


C-*Sr20S + 2Aq ... 194 .... 100*00 

IT j8. With 6 At. Water. — On adding oxalic acid to excess of nitrate 
of strontia, or nitrate of strontia to excess of oxalic acid, a crystalline salt 
is obtained, which, under the microscope, appears to consist of very 
beautiful, transparent, square-based octohedrons: the crystalline character 
is also quite perceptible to the naked eye. (Wicke.) 

Wicke. 


2 SrO 

104 . 

... 45-21 .... 

.... 45*13 

cw> 

72 . 

... 31*31 


6 HO 

54 . 

... 23*48 


C^Sr=08 + 6Aq 

230 . 

... 100*00 



h. Acid Salt. — Thomson obtained a salt contaning 43*1 per cent 
of strontia. According to Berard, the salt a is but very slightly soluble 
in aqueous oxalic acid. - — ^ Oxalic acid and salt of sorrel form with aqnecus 

VOL. IX. K 
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nitrate of strontia, even in tolerably dilute solutions, a crystalline pul- 
verulent precipitate, concerning "wbicb it is not known decidedly, wLether 
it is tbe normal or the acid salt. — IT Concentrated solutions of oxalic 
acid and chloride of strontium immediately yield crystals, consisting of 
broad rhombic tables and small octohedrons, the proportion of strontia 
in which is intermediate between that of the normal and that of the acid 
salt. (Clapton.) — According to Wicke, the acid oxalate of strontia dees 
not exist, the salt obtained by adding oxalic acid to nitrate of strontia 
or vice vena, being a neutral oxalate {vid sup.). IT 

Oxalate of Lime, — Occurs in various parts of plants and animals, as 
mentioned on page 112. — Precipitated when a solution containing lime is 
mixed with any compound of oxalic acid, provided there be no strong 
mineral acid present in large excess, and no alumina, chromic oxide or 
ferric oxide. — White, tasteless powder, which, according to Bergman, 
turns violet-juice green at a boiling heat; or transparent crystals, such 
as Fourcroy {Grell. Ann. 1794, 1, 460) obtained by evaporating the solu- 
tion of the salt in nitric acid. — In vegetable and animal structures, the 
microscope shows the presence of crystals of this salt, formed by the com- 
bination of a square prism with a square-based octohedron {Fig. 29). — 
Sometimes the square octohedron is the primary form [e:e over the vertex 
= 46° 28') ; sometimes an obtuse octohedron (e : e over the vertex= 1 1 9° 34'.) 
{K. Schmidt.) — Raspail describes tbe same crystals as rectangular prisms 
acuminated with four faces resting on the lateral edges at an angle of 
162° 20' to 162*^ 55'. — When oxalate of lime is formed by double decom- 
position, even in very dilute solutions, a powder is obtained, consisting 
of extremely small crystals, too small indeed for measurement; but the 
solution of oxalate of lime in hydrochloric acid, evaporated at tempera- 
tures between 30° and 40°, yields large rhombic tables resembling 
cholesterin (angle of the rhombus =79° 33'), which are perhaps a 
hydrated acid salt, and likewise, on the edge of the watch-glass, crystals 
of Fig. 29, in which €:e over the vertex = 11 9° 30'. On evaporating the 
liquid, the rhombic tables fall to pieces, being resolved into a heap of 
numerous square-based octohedrons. (K. Schmidt, Ann. Fharm. 61, 304.) 
— Upon and between some metastatic crystals of calcspar from Hungary, 
there were found crystals having a strong lustre like that of sulphate of 
lead; they were recognized by Sandall as hydrated oxalate of lime. 
C^Ca'O^ 2Aq. Their density is 1 ’833; they are very brittle, have a 
conchoidal fracture, and are softer than calcspar. Their primary form is 
an oblique rhombic prism. {Fig. 81.) Cleavage parallel to i, u, and t. 
They likewise exhibit the faces a, a, /, a face replacing the lateral 
edge between t and and the face sc. — i : a = 127° 25'; i : w = 143° 4'; 

i : / backwards = 109° 28°; i : t = 90°; a : a = 143° 18'; a :t 

142° 36'; a : M = 142° 15^* u' 100° 36'; w : 25 = 129° 42'. Made- 
crystals often occur. (Brooke, Fhil. Mag. p. 16, 449.) — [Even if the 
crystallographic descriptions of Raspail and Schmidt can he easily reconciled, by con- 
sidering Raspail's rectangular prism as a square prism, the form described by Brooke 
is certainly quite different, perhaps from a difference in the quantity of water.] 

JDried above 100°. E. C. Vogel. 

2CaO 56 .... 43*75 43*75 

72 .... 56*25 56*25 




128 .... 100*00 


100*00 
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According to Graham, also the salt dried at a gentle heat, = 
C^Ca-0® -f 4Aq.; andat the temperature of lOO"" gives off in 2 days, 13-27, 
and in 6 days 15*25 per cent, or more than 2 At. of water. Above 100°, 
the salt gives off the last 2 At. water, but recovers them again on 
exposure to the air. (F. C. Vogel.) — After drying at 150°, it becomes on 
the slightest disturbance, so highly electrical, that it is thrown out of the 
containing vessel; it even retains this property when cold, till it has 
again absorbed water. (Berzelius.) — According to Dulong, the salt dried 
at 100% yields by dry distillation the same products as the baryta-salt; 
according to Berzelius and others, it is resolved into water, carbonic oxide 
and carbonate of lime. — Potassium or sodium, heated with the salt to 
the melting point of the metal, forms alkali and charcoal, with a faint 
appearance of combustion. (Gay-Lussac &. Thenard, RecheixTies,) — 
Strong potash-solution separates oxalic acid from oxalate of lime; but 
lime, on the other hand, takes the oxalic acid from a dilute solution of 
oxalate of potash. (K. Schmidt, Ann, Fharm. 61, 304.) A similar recipro- 
city therefore to that which is exhibited, by lime carbonic acid, and potash (I. 128.) 

— Oxalate of lime boiled with carbonate of potash [or soda] is gradually 
decomposed, yielding carbonate of lime and oxalate of potash. (Scheele.) 

— The solution of oxalate of lime in nitric acid yields crystals of oxalic 
acid when evaporated. (Braconnot, iV Ann. Chim. Fkys. 17, 353.) 

Oxalate of lime is insoluble in water, aqueous solution of sal- 
ammoniac (Scheele), (even at a boiling heat, according to Brett, Hiinefeld 
& Wackenroder), and in aqueous acetic acid. (Scheele.) — It is quite 
insoluble (Scheele, Moretti) or very sparingly soluble (B^rard) in 
aqueous oxalic acid; slightly in aqueous lactic acid (Cap k Henry); 
dissolves with tolerable facility in aqueous hydrochloric or nitric acid, 
whence it may he precipitated by caustic ammonia or potash or their 
oxalates. Chloride of manganese likewise renders oxalate of lime 
slightly soluble in water. (Turner, Fogg. 10, 148.) — IT Oxalate of lime 
immersed in a solution of a cupric salt {e. g. the sulphate, chloride, or 
nitrate) is gradually converted into cupric oxalate, a soluble lime-salt 
being formed at the same time. In presence of a large quantity 
of chloride of sodium, calcium, or ammonium, oxalate of lime dissolves 
completely in solution of protochloride of copper; but if the solution be 
agitated or left to stand for some time, cupric oxalate separates out. 
When oxalate of lime is boiled with a soluble salt of silver, lead, 
cadmium, zinc, nickel, cobalt, strontia or baryta, a soluble lime-salt is 
formed, and an oxalate of the other base is precipitated. (A, Eejnoso, 
Compt. rmd. 29, 527.) IF 


Oxalate of Lime with OMoride of Calcium. — The satumted solution of 
oxalate of lime in warm concentrated hydrochloric acid yields on cooling 

K 2 
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a crop of crystals, wLicli must be pressed bet\7eea bibulous paper, till 
they no longer exliibit any acid reaction. They are permanent in the 
air, give off 23*9 per cent of water when lieated to 100'^ in a dry current 
of air, and 34*35 per cent (10 At.) at 130°; mere traces between 130^ 
and 200^, but still continue to give off water when gradually heated from 
20 to 250°, at which temperature the evolution of water ceases; the 
total quantity given off is 34*22 p.c. (14 At.) The crystals, which have 
now become opaque, absorb water again from the air, without deliquescing, 
and dissolve in hydrochloric acid without effervescence, showing that 
they have not been decomposed by the heat. But when treated with 
water, even in the smallest quantity, they are immediately resolved into 
soluble chloride of calcium and insoluble oxalate of lime. (Fritzsche, 
JBogg, 28, 121.) 


Crystallized. 


Fritzsche. 

C*iCa203..., 

128-0 . 

. . 35-09 .. 

35*27 

2 CaCl 

110-8 . 

... 30-37 .. 

30-35 

14 Aq 

126 0 . 

. . 34-54 .. 

34*38 

C^Ca20VCaCl+ UAq 

364-8 , 

... 100-00 .. 

100*00 


Oxalate of Magnesia. — Magnesia takes oxalic acid from the soluble 
alkalis. (Bergman.) This salt is formed by digesting carbonate of 
magnesia with aqueous oxalic acid, or by precipitating tbe aqueous 
solution of a magnesia-salt with normal oxalate of potash. The latter 
mixture, when left at rest, does not deposit the oxalate of magnesia till 
after a considerable time, but if strongly agitated, deposits it iij a few 
seconds. (Gay-Lnssac, Ann. Ohim. Fliys. 70, 431.) The same compound 
separates from a mixture of the aqueous solutions of sulphate or hydro- 
chlorate of magnesia and salt of sorrel, hyperacid oxalate of potash 
remaining in solution. (Graham.) — White powder. — The air-dried salt, 
which contains 4 At. water, loses after drying for several days over the 
w*ater-bath, only 2*32 per cent, and at 148°, altogether 8*42 per cent of 
water; the remaining portion of water appears not to go off without 
decomposition of the salt. (Graham.) — At a red heat, the salt leaves 
magnesia free from charcoal. (Bergman.) — It is but very slightly soluble 
in water, and even on tbe addition of oxalic acid, becomes scarcely more 
soluble, according to Berard, and according to Graham not at all. 


Betard. Graham. Thomson. 


2MgO 

.. 40 . 

... 27-03 .... 

.... 27-35 .... 

.... 27*59 .... 

... 26-32 

CW 

.. 72 . 

... 48*05 



4 HO 

.. 36 . 

... 24-32 




<?Mg20s + 4A(i ... 

.. 148 . 

... 100-00 





Berard examined the salt dried at 100°, Graham the air-dried salt. 

Oxalate of Afagnesia and AMnionia. — a. With excess of the Ammonia^ 
salt. Obtained by saturating a concentrated solution of normal oxalate 
of potash with oxalate of magnesia, keeping it boiling for a considerable 
time, or by saturating acid oxalate of ammonia in a similar manner 
with magnesia (whereupon oxalate ofmagnesia separates out), and filtering 
hot. As the filtrate cools, the double salt separates in milk-white nodules, 
which effloresce in the air aud dissoIv*e both in hot and in cold water, 
but not without some degree of turbidity arising from the separation of 
oxalate of magnesia. (G, A. Ivayser, Pogg. 60, 143.) 
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Crysialllzed, 

5 NH3 

. 8.3 . 

... 21*14 .... 

Kayser* 
2l’59 

MgO 

. 20 . 

.. 4*98 .... 

. ... 4*02 

3 

, 216 . 

... 53*73 .... 

53*11 

9 HO 

. 81 . 

... 20*15 


2[C\2NH^30^] + C'*(Mg,NH<)05 + 4Aq .... 

. 402 

... 100*00 



Kayser supposes the salt to contain: 6NH^, 13IgO> 7C^O^, and lOAq. 

5. With excess of Magnesia-salt. — An aqueous mixture of lijdro- 
cHoratc of magnesia and normal oxalate of ammonia remains clear for a 
while, but when concentrated, deposits the double salt in a few hours, and 
if dilute, in the course of days or weeks, in the form of a white, slightly 
transducent, tasteless, crystalline crust, requiring more than 480 pts. of 
water to dissolve it. (Braudes, Scliw. 27, 18.) The formation of this salt 
takes place with peculiar facility when the mixture contains excess of 
ammonia. The salt swells up considerably when heated. (Bonsdorff.) 
From its solution in hydrochloric or nitric acid, it is not reprecipitated 
by ammonia. (Berzelius, Lehrh.) 


Crystallized. 



Braudes. 

(approx.) 

NH3 

17 . 

... 6*86 , 

9 

3 MgO 

60 . 

... 24*19 . 


2 C^O^ 

144 . 

... 58*06 , 

58 

3 HO 

27 . 

... 10*89 , 

8 





C^(NHSMg)05,C-‘JIg=0S + 2Aq 

248 . 

... 100 00 , 

100 


Oxalate of Magnesia and Potash. — Formed by boiling a concentrated 
solution of normal oxalate of potash with excess of recently precipitated 
oxalate of magnesia, and filtering hot. As the liquid cools, milk-white 
nodules are produced, which effloresce rapidly in the air, are nearly 
Insoluble in cold water, but dissolve in hot water, with separation of 
oxalate of magnesia. (Kayser.) 

Crystallized, Kayser. 

KO 47*2 .... 24-43 25*59 

MgO 20-0 .... 10*33 10*89 

CW 72*0 .... 37*27 

6 HO 54*0 .... 27*95 27*62 

C*^KMgOS + 6Aq 193*2 .... 100*00 

When magnesia is digested with salt of sorrel, a small quantity dissolves, but 
quickly separates out again as oxalate of magnesia, without forming a double salt. 
(Graham.) 

Cerotis Oxalate. — Oxalic acid and alkaline oxalates added to cerous 
salts throws down hydrated cerous oxalate in the form of a white powder, 
which, when heated in a close vessel, gives off waier, carbonic oxide, and 
carbonic acid, and leaves a mixture of ceroso-ceric oxide, with a small 
quantity of carbide of cerium. (Berzelius.) The salt, when prepared 
with cerous oxide free from lanthanum, contains 6 At. water, which it 
does not part with completely even at 200^ WTien more strongly 
heated, it leaves a black powder which takes hre in the air, and burns 
till its converted into ceric oxide. (Beringer, Ann.PhaT^, 42, 143.) The 
salt is iiisoluhle in water and in aqueous oxalic acid. (Berzelius.) It 
dissolves without decomposition in hot nitric acid, and crystallizes out 
again on cooling. 
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Dried in vacuo over oil of vitriol. Beringer. 

2 CeO 108 .... 46*-14 45*90 

72 .... 30*78 29*60 

6 HO 54 .... 23*08 24*50 

0*^06=03 + 6Aq 234 .... 100*00 100*00 

Ceric Oxalate. — Insoluble in water, but soluble in aqueous solution 
of sal-ammoniac. This solution, when eraporated first deposits a yel- 
lowish powder, and then yields lemon-yellow crystals. (Berzelius.) 

FotassiO’^cerous Oxalate, C^KCeO®. — White powder insoluble in water 
and leaying, when ignited, a mixture of ceroso-ceric oxide and carbonate 
of potash. (Berzelius, Lehrh.) 

Oxalate of Lantluinum. — Insoluble in water. (Mosander.) 

IT Oxalate of Didymiiim, — Pulverulent and white, with a slight 
tinge of rose-colour, when precipitated from neutral solutions; bufc when 
redissolved by the aid of heat in excess of nitric or hydrochloric acid, it 
separates as the liquid cools, iu the granular and crystalline state, sometimes 
even in small, rose-coloured, rectangular prisms terminated by four-sided 
pyramids with, their faces resting on the edges of the prism. This salt 
is completely insoluble in water, and nearly insoluble in oxalic acid and 
in very dilute mineral acids. After drying in tbe air, it gives off about 
20 per cent of water at 100^ (Marignac, A. Arm. Chim. Phys. 38, 175.) 

Dried at 100®. Marignac. 


2 BiO 112 .... 55*45 55*53 

CW 72 .... 35*64 

2 HO 18 .... 8*91 

C-iDi208 + 2Aq 202 .... 100*00 

Air-dried. Marignac. 

2 DiO 112 .... 43*75 .... 44 to 45 

CW 72 .... 28*12 

8 HO 72 .... 28*13 


C-^DrOs + SAq 256 .... 100*00 f 


Oxalate of Yttria. — Oxalic acid precipitates salts of yttria. (Klap- 
roth.) The precipitate, which at first is bulky and curdy, shrinks 
together after awhile, assuming a snow-white colour. It does not give 
off its 6 At. water till it begins to decompose; at a red heat, it leaves 
pure yttria free from carbonic acid. (Berlin.) The salt is insoluble iu water, 
but dissolves in acids somewhat more readily than the cerous salt. (Gahn and 
Berzelius.) It is insoluble in aqueous oxalic acid and in dilute hydro- 
chloric acid, but dissolves in nitric and in strong hydrochloric acid, 
(Berlin.) 


2 YO 

64 . 

... 33*68 

Berlin. 

c*o^ 

72 . 

... 37*90 


6 HO 

.... 54 . 

... 28*42 ..., 

26-12 

CW=0« + 6Aq .... 

.... 190 . 

.. 100-00 



The preceding description applies strictly, not to pure oxalate of yttria, but to 
mixture of the oxalates of yttna, erbia, and terbia. These three salts, however, 
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resemble each other very closely, but the yttria-salt is more soluble in acids than the 
oxalates of erbia and terbia ; and on this property is founded a method of separating 
yitria from the other two earths (vid. Ill, 291). % 

Oxalate of Yitria and Potash, — Precipitated, as a Iieavy white 
powder, on mixing an yttria-salt with normal oxalate of potash or with 
salt of sorrel. (Berzelius, Berlin, H. Scheerer, Pogg. 56, 207.) Contains 
yttria and potash in equal numbers of atoms. (Berlin.) When ignited 
it leaves a mixture of yttria and carbonate of potash. Insoluble in 
water. (Berzelius.) 

Oxalate of Gliicina, — Remains, when its aqueous solution is evapo- 
rated, in the form of a transparent gummy mass, possessing the sweetest 
taste of all glucina-salts. (Vauquelin.) 

Oxalate of Alumina, — a. Normal, Insoluble in water; its formula, 
according to Berzelius, is APO^,3C^O® [=C^^ABO^h] Gehardt & Laurent 
assume the existence of another aluminum, Al/3=-| A1 (VII. 409), and 
translate APO^SC^O^ into C^Al/S^O®. 

h. A cid. The solution of hydrate of alumina in aqueous oxalic acid 
leaves on evaporation, a transparent, yellowish, amorphous, sweetish, 
astringent mass, which reddens litmus but not violet-juice. Swells up in 
the fire, and deliquesces in the air. (Bergman.) The solution does not 
precipitate hyposulphate of lime. (Herschel.) 

Oxalate of Alumina and Potash, — By dissolving 1 pt. of hydrate of 
alumina in 5 pts. of salt of sorrel and evaporating, a gummy mass is 
obtained which remains dry in the air, but is easily soluble. (Wenzel.) 

Oxalate of Alumina and Poda. — The filtered solution of hydrate of 
alumina in aqueous acid oxalate of soda, yields, when slowly evapo- 
rated, especially if covered with a layer of alcohol, thin laminae, which 
readily give off their water of crystallization at 100^, and when ignited 
leave a mixture of alumina and carbonate of soda. They contain 22*26 
per cent of soda, 12*20 alumina, 13*00 water, and 52*10 hypothetically 
anhydrous oxalic acid. (Bussy.) 

Oxalate of Alumina and Baryta. — S(Ba0,C“0^)-h(AP0^,3C“0®)-h 
lOAq. and -f 30Aq. [=C^’-^Ba^APd-^ -j-lO and + 30Aq.] Separates on 
mixing a concentrated solution of chloride of barium with acid oxalate 
of alumina, in small, snow-white, silky needles, scarcely dissolving in cold 
water, hut soluble in 30 pts. of boiling water. Ammonia separates the 
oxalic acid from the alumina. (Rees Reece, Covipt. rend. 21, 111, 6.) 

Oxalate of Alumina and Strontia. 3(SrO,C^O®) -f (AP0^,3C-0^) -f 
18Aq. [=C^^Sr®APO^=lSAq.] ^ — Resembles the baryta-compound, but 
is decomposed by hoiling water, (Rees Reece.) 

Tbe corresponding lime-salt conld not be prepared, in consequence of its insolu- 
bility. (Reece.) 

Oxalate of Thorina. — Oxalic acid forms with thorina-salts a heavy 
white precipitate, which, if washed with pure water not containing 
oxalic acid, runs milky through tbe filter It is insoluble in water 
and oxalic acid, and dissolves very sparingly in other dilute acids. 
(Berzelius.) 
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Oxalate of TJiorina and Potash, — White precipitate which turna hlack 
when ignited^ and then^ if in contact wdth the air, leaves a white niiiture 
of thorina and carbonate of potash^ which forms a milky liquid wdth 
water. Does not dissolve in water or in aqueous oxalic acid. (Berzelius.) 

Oxalate of Zirconia. — Oxalic acid and oxalate of ammonia throw 
down white* flakes from solutions of zirconia-salts. The precipitate, 
after drying, has the colour of opal. It is not soluble in w^ater or in 
boiling aqueous oxalic acid. (Dubois & Silveira.) 

Oxalate of Titanium, — Precipitated in the form of a curdy mass, on 
boiling an aqueous solution of a titanic salt mixed with oxalic acid. 
(Laugier.) — Any ferric oxide that may be contained in the liquid remains in it for 
the most part. — The dried precipitate imparts to moist litmus-paper a red 
tint, which nearly disappears on drying. The precipitate is soluble in 
excess, both of aqueous oxalic acid and of hydrochlorate of titanium. 
(PI. Bose.) 


13Ti03 

520 . 

... 74*29 ... 

H. Rose. 
74-11 



72 . 

... 10*29 ... 

10*40 

12 HO 

108 . 

... 15*42 ... 

, ... 15-49 

12Ti02OTi0» + 12Aq 

700 . 

... 100*00 . . 

100*00 


Oxalate of Tajitalum. — According to Wollaston, oxalic acid dissolves 
recently precipitated hydrated tantalic acid; according to Gahn, Berze- 
lius, and Eggertz, oxalic acid dissolves only a trace, but salt of sorrel at a 
boiling heat dissolves a considerable quantity, forming a colourless solu- 
tion, from which alkalis throw down the tantalic acid. If the solution 
in salt of sorrel also contains tungstic acid, and is saturated while hot, it 
solidifies on cooling, in a milk-white jelly, and becomes tinged with blue 
when a piece of tin or zinc is immersed in it. (Berzelius.) 

Molyhdous Oxalate, — Dark grey precipitate, which turns hlack when 
dried, and is sparingly soluble in excess of oxalic acid. (Berzelius, Pogg, 
6, 379.) 

Molyhdic Oxalate, — Crystallizes in blackish blue crystals when the 
aqueous solution is left to evaporate spontaneously. From its solution 
in water, which is red, ammonia throws dowm a pale brick-red, basic salt 
insoluble in excess of ammonia. (Berzelius, Pogg, fi, 348.) 

Oxalate of Blue Oxide of MolyMenum, — Blue solution, which leaves 
a blue mass when evaporated, becomes green w^hen diluted with a small 
quantity of water, hut brown on being mixed with a largo quantity. 
(Heyer, Orell, Ann. 1784, 2, 14.) 

Oxalate of Molyhdic Acid. — Formed by digesting molyhdic acid with 
aqueous oxalic acid. The solution, which is colourless even when the 
molyhdic acid is in excess, yields on evaporation a colourless jelly, which 
becomes crystalline without further dessication, dissolves in water, and 
wdtli yellow colour in alcohol. (Berzelius, Pogg. 6 , 884.) 

Oxalate of Molyhdous Oxide and Potash. — Purple; soluble in water, 
(Berzelius.) 
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Oxalnle of MohjMic Oxide and Potash, — Formed by dissolving tbo 
bjdrnted oxide in salt of sorrel. Soluble in water. (Berzelius.) 

Oxalate ef Mohjbdic Acid and Potash. — The aqueous solution of 
salt of sorrel readily dissolves molybdic acid, forming a non-crystallizable 
double salt. (Berzelius.) 

Oxalate of Yaiiadic Oxide, — Aqueous oxalic acid saturated with 
bydrated vanadic oxide, yields on evaporation a light blue, translucent 
gum, which dissolves slowly in cold water, more quickly in hot w^ater. 
The aqueous solution mixed with a large quantity of oxalic acid, yields 
by spontaneous evaporation, blue crystals readily soluble in water. (Ber- 
zelius, Pogg. 22, 33.) 

Oxalate of Vanadic Acid. — When oxalate of vanadic oxide is evapo- 
rated with nitric acid, and the residue treated with water, the greater 
part dissolves, forming a yellowish red solution, which on evaporation 
leaves oxalate of vanadic acid in the form of a reddish yellow, amorphous 
extract, libewdse soluble in water. An excess of oxalic acid immediately 
reduces the vanadic acid to vanadic oxide. (Berzelius, Pogg. 22, 42.) 

Oxalate of Vanadic Oxide and Potash. — Salt of sorrel saturated with 
hydrated vanadic oxide, dries up to a dark blue, amorphous varnish, 
which dissolves slowly in water. (Berzelius.) 

Oxalate of Chromic Oxide or Chromic Oxalate. — a. Insoluble.-^ 
Normal oxalate of ammonia forms with hydrochlorate of chromic oxide 
a pale green, pulverulent precipitate. (Hayes, SUL Am. J. 14, 140.) — 
b. Soluble. — Cr“0^,3C“0^=C^-Cr^0“A The saturated solution of chromic 
oxide in aqueous oxalic acid, which is red by transmitted and green by 
reflected light, and does not redden litmus, leaves when evaporated, a 
green salt which becomes moist on exposure to the air, and dissolves 
readily in water. (Brandenburg, Scher. Ilord. PI. 1, 208, and 219.) — 
The solution, when prepared in the cold, has a cherry-red colour, but if 
prepared at a boiling beat, it is green, but assumes the cherry colour on 
cooling. When left to evaporate spontaneously, it dries up to a black 
vitreous mass, w^bich splits up into small pieces, exhibiting a violet-red 
colour by light transmitted through their edges. But a solution which 
has been turned green by boiling, leaves a green mass vphen evaporated 
over the wmter-bath. (Berlin, Berzelius Lehrh.) — Brandenburg’s statement 
that the salt is rendered crystalline by a larger addition of acid, is not confirmed by 
Berlin’s obsei rations, that which crystallizes out appearing to be merely the excess of 
oxalic acid. — The aqueous solution is not precipitated by alkalis, but 
unites wntli them, forming double salts. (Brandenburg.) — It does not 
precipitate lime-salts, because the oxalate of lime produced forms with 
the chromic oxalate a somewhat soluble double salt; but it precipitates 
chloride of lime, because that salt converts tbe chromic oxide into 
chromic acid, decomposing at the same time a portion of the oxalic acid. 
(Em. Dingier, Kastn. Arch. 18, 251 .) — The solution is not precipitated 
by ammonia or by lime-salts; but it gives a precipitate with lime-water, 
and xvben lieated, likewise with potash. (Berlin.) 

Chromic oxalate forms with the oxalates of the alkalis and earths^ 
two series of salts, viz. dark-blue salts which form bluish green solutions 
in water, and cherry-red or garnet-coloured salts forming cherry- 
red solutions in water. The formula of the is 3(MO,C^O®)-(- 

CrO^ SC-0^=C^-APCr^0=^^ (Gm.)=CAMCr/30s (Gerhardt); that of the red 



138 


ETHYLENE S OXYGEN-NUCLEUS 


salts is M0,C20HCr20^SCW=:C®MCr’-0l® (Gm.)— The potash-salt of 
the blue series was discoyered by Turner and Gregory; the potash-salt of 
the red series by Croft. 

Blue Ammonio-cliromic Oxalate, — The crystals contain 3 (NH^O,C^O®) -f 
CrO',3C"OH6 Aq. (Mitscherlich), or 5 Aq. (Berlin) = G2(3NH^Cr2)0^ 
4- 6 or 5 Aq. — Obtained by saturating acid oxalate of ammonia dissolved 
in water with hydrated chromic oxide. (Mitscherlich^ Lehrh.) The 
aqueous solution when evaporated yields scales and laminye containing 
10-72 per cent of water, which they give off at 100% assuming a light 
blue colour, and then, when more strongly heated, leave chromic oxide in 
the form of laminm. They dissolve in li pt. water at 15% and in a 
smaller quantity of hot water. (Berlin, Berzelius Lelirh.) 

Bed Ammonio-cltromic Oxalate . — In the crystalline form=:NH‘^0,C^0^-f 
Cr^O^SC^O'-^-l-S Aq.=::C®(NH%Cr‘^)0^®4-8Aq — The crystals resemble 
those of the red potash-salt, in colour, general appearance, and solubility, 
but are often more shining, and are transparent and garnet-coloured. 
They contain 24*89 per cent of water and effloresce when heated, as- 
suming a light red colour. (Berlin.) 

Blue Botassio-chromic Oxadate, — The composition of the hydrated 
crystals is 3(K0,C“0%-|-Cr^0%3C®0^ + 6Aq. (Graham, Mitscherli ch, 
Berlin); = G"-K3Cr^O^-^+ 6Aq.^ 

Preparation, 1. An aqueous solution of acid oxalate of potash is 
saturated at a boiling heat with hydrated chromic oxide ( Malaguti, 
Compt^rend. 16, 458; Warington, Phil, Mag, J, 21, 202; Berlin.): 

3CH-IKOS + Cr203 = + 3HO. 

Croft did not succeed in preparing the bine salt by this process. — 2. Bichromate of 
potash is boiled with oxalic acid and acid (or normal) oxalate of potash, 
whereupon carbonic acid is evolved, and the chromic acid reduced to 
chromic oxide (Gregory): — Equation for acid oxalate of potash: 

2(KO,2Cr03) + 4C-*HKOS ^ 5C*iH-OS = 12C02 + 14HO + 2Ci-K2Cr202h 
Equation for normal oxalate of potash: 

2(K:0,2Cr03) + 2CHC-OS + 7Cm^O = 12CO- + 14HO + 2Ci-K-'^Cr202h 

According to this calculation, Croft (Phil, Mag. J, 21, 197; also J. pr, 
Chem. 27, 431) nses 19 pts. of bichromate of potash, 23 pts. of crystal- 
lized normal oxalate of p)otash, and 55 pts. of hydrated crystallized oxalic 
acid. [The exact stoicblometric proportion is 151*2 : 184 : 441.] — The mixture is 
boiled with water and evaporated to complete dryness, the residue 
redissolved in water, and the solution left to crystallize; by this process 
nothing hut the blue salt is obtained. (Croft.) — Berlin uses the same 
relative quantities of material, excepting that he takes 27 parts of oxalate 
of potash, instead of 23 (which is probably a misprint, inasmuch as it 
should he 2 At.). He adds the oxalic acid in successive small portions to 
the boiling solution of the chromate of potash, and then, as soon as the 
evolution of carbonic acid ceases, the normal oxalate of potash; afterwards 
evaporates and cools the solution; and purifies the resulting crystals by 
recrystallization. — [When acid oxalate of potash is used, the proportions 
are: 151*2 pts. of bichromate of potash, 292*4 pts. of acid oxalate, and 

* Tbe two furmulae according to the substitution-theory given on page 210, line 4. 
toL Til, are inadmissible. 
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SI 5 pts. of Bydrated oxalic acid.] — Gregory recomm coded 190pts. (1 At.) 
of bicBromate of potasB, 517 pts, (not quite 3 At.) of acid oxalate of 
potash, and 151*5 pts (1 At.) of crystallized oxalic acid; bet, according to 
Croft, these quantities yield crystals of chromate and oxalate of potash 
as well as of the blue salt. — Graham takes 1 pt. of bichromate of potash, 
1 pt. of acid oxalate of potash, and 1 pt. of hydrated oxalic acid; but, 
according to Croft, these proportions leave a large quantity of chromate 
of potash undecomposed. — ^3, The aqueous solution of 86 pts. (1 At.) 
carbonate of potash and 245 pts. (2 At.) monochromate of potash is 
heated with 632 pts. (4 At.) of hydrated oxalic acid. Carbonic acid is 
then evolved, and a dark green solution formed, which yields crystals 
on cooling. (Bussy.) These proportions nearly correspond with the 
equation: 

K0,C02 4- 2(KO,CrO«‘5) -f 4C^H'^Os = + 5CO^ + 8HO 4 O. 

The 1 At. O thus set free probably decomposes a small quantity of 
oxalic acid. — Turner, whose memoir I have not seen, appears to have 
heated an aqueous solution of bichromate of potash with oxalic acid, a 
process which, according to Croft, yields not the blue hut the red salt. 

Properties. The anhydrous salt, which is obtained by dissolving 
the hydrated salt in a hot concentrated solution of the corresponding 
soda-salt, and cooling the mixture, crystallizes in octohedrons, containing 
but a small quantity of the soda-salt. (Mitscherlich.) 

The hydrated salt forms large rhombic prisms (Gregory, Bussy), 
with dihedral summits, and having the two acute lateral edges truncated, 
(Berlin.) The crystals are black and lustrous by reflected light, but by 
transmitted light they exhibit a blue colour resembling that of the corn- 
flower. (Gregory; see also Haidiuger, Pogg. 76, 107.) The powder is 
greenish. (Bussy, Berlin.) The crystals intercept the middle portion of 
the red rays of the spectrum. (Brewster.) 


Anhydrous. 



3 KO 

. 141*6 

32-36 



Cr^QS 

. 80*0 

18*28 



3CW 

. 216-0 

49*36 



C^KSCr^O-^ 

. 437-6 

100-00 


With Water of Crystallization. 

Graham. 

Bussy, 

3 KO 

141*6 . 

.... 23*81 



Cr^QS . 

80-0 , 

... 16-27 .. 

... . 16-46 

.. 16*52 

3 CW. ... 

216-0 

... 43-94 . 

44*17 

44-31 

6 HO . 

54-0 . 

.... 10-98 .. 

11-67 . . 

.. 10-60 


C^-K3Cr^O-H 6Aq ... 491*6 .... lOO'OO 

The crystals when heated to 100”^, give off 9T5 per cent of water, 
according to Berlin, hut 10*6 p. c. according to Bussy; when dried at a 
higher temperature, they give off 11*6 per cent. (Graham.) The residue 
IS a dark green powder. (Berlin.) At a red heat, it gives off carbonic 
acid, and leaves a mixture of carbonate and chromate of potash, amount- 
ing to 54*37 percent, and perfectly soluble in water, (draham.) — The 
salt dissolves in 5 pts. of water at 15^ (Berlin.) The solution is green 
hy reflected, red by transmitted light. (Gregory, Bussy.) According to 
Croft, it remains red by transmitted light when boiled; but according to 
Berlin, the chromic oxide passes at a boiling heat from the violet modi- 
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ficatioii into the green; and the boiled solution, if evaporated by heat, 
yields a green, amorphous residue which becomes fissured in drying, but 
by solution in water and spontaneous evaporation again yields the blue 
crystals. (Berlin.) Alkalis added to the solution throw down only a 
portion of the chromic oxide (Gregory) ; so likewise does carbonate of 
potash (Graham); ammonia gives no precipitate; potash, only at a 
boiling heat. (Berlin.) Lime-salts form but a scanty precipitate (Gre- 
gory; none, unless the solution is highly concentrated (Eeece); but 
baryta~-water and lime-water throw down a mixture of hydrated chromic 
oxide and oxalate of baryta or lime. (Berlin.) Alcohol does not dissolve 
the salt, but throws it down from the ac[ueous solution in the form of a 
green powder. (Berlin.) 

Bed PotasBio-cliTOviiG Omlate, — The crystals contain: K0,C-0^-|“ 
CrO\ 30“0®4*8Aq.=:C®KCr-0^®-h8Aq. — The salt is obtained by gra- 
dually adding 55 pts. [or 882 pts.— 7At.] hydrated oxalic acid to a 
boiling concentrated solution of 19 pts. [or 302 *4 pts. =2 At.] of bichro- 
mate of potash. (Croft. BMl. Mag. J, 21, 197.) 

2(K0,2Cr03) + 7C'^H208 = 12C03 + 14HO + 

Better crystals are obtained by spontaneous evaporation than by 
cooling. (Croft.) — The salt is also formed by saturating an aqueous 
solution of hyperacid oxalate of potash with hydrated chromic oxide. 
(Malaguti, Compt. rend. 16, 456; also J.pr. Oliem. 29, 294.) 

Cr-03 + = CSKCr^Oi® + 3HO. 

Also by saturating an aqueous solution of 126 pts. (1 At.) of hydrated 
oxalic acid and 146-2 pts. (1 At.) of salt of sorrel with hydrated 
chromic oxide. (YVarington.) 

Very small tables and granules. (Croft.) Spangles and crusts com- 
posed of slender needles. (Berlin.) Ehombic or rhomboidal tables, some- 
what like Fig. 114. (Miller, Fhil. Mag. J. 21, 201.) Dark red both by 
reflected and by transmitted light. (Croft.) 


KO 

Crystallized. 

47*2 .. 

.. 12*45 .... 

Croft. 

.... 12*86 

Berlin. 


80*0 .. 

.. 21*09 .... 

.... 22*33 


2 C-^O^ .... 

144*0 .. 

.. 37*98 .... 

.... 38*29 


12 HO 

108*0 .. 

.. 28*48 .... 

.... 26*97 .... 

.... 28*46 


CSKCr20i<' + 12Aq,... 379*2 .... 100*00 100*45 

According to Malaguti, the crystals contain only 8 At. water, but according to 
Lowel {Compt. rend. 18, 862) they contain at least 10 At. 

The crystals give off 15 or 16 per cent of water at 100°, and 19 p. c. 
at 200°. (Croft.) They give oflf nothing at 50°, but at 100° they part with 
the half of their water, becoming at the same time light red and opaque. 
(Berlin.) The residue, when suddenly heated, is converted into a green 
powder, part of which is thrown out of the vessel by the violence of the 
decomposition. The crystals, if subjected to a very slowly increasing 
heat, retain their form at first and assume a dark green colour, but 
afterwards crumble to a light green powder of chromic oxide, which 
turns brown when more strongly heated, and is mixed with carbonate, or 
after continued ignition in the air, with chromate of potash. (Croft.) 

The salt dissolves in somewhat more than 10 pts. of cold water, and 
in any quantity of boiling water; the boiling solution is blackish green; 
tho cold solution, cherry-red; the boiled solution, when left to cool 
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deposits in a few days a number of garnet- coloured crystalline grains, 
but if evaporated immediately over the water-bath, ;fields a green 
amorphous mass. (Berlin.) — The concentrated solution is dark green 
and even black by reflected light, but red by transmitted light, even after 
continued boiling, and especially by candlelight. Potash changes the 
colour of the solution to a splendid green, but does not precipitate the 
chromic oxide till boiled; carbonate of potash acts in a similar manner, 
but does not so readily produce a precipitate. Ammonia gives no 
precipitate; chloride of calcium likewise forms no precipitate alone; but 
with addition of ammonia, it throws down a green precipitate. (Croft.) 
Alcohol added to the aqueous solution of the salt throws down a light 
red powder, which, after drying, absorbs water from the air, and deli- 
quesces to a transparent, garnet-coloured mass. (Berlin.) 237 pts. (1 At.) 
of this salt and 115 pts. (1 At.) of crystallized normal oxalate of potash, 
dissolved in boiling water, yield by evaporation 311*9 pts. [somewhat 
more than 1 At.] of crystallized blue potassio-chromic oxalate. (Croft.) 

Blue Sodio-cliroruic Oxalate, — 3(Na0,C-0^) -f Cr-OV3C^O^ -k 9Aq. 
[=:C^^Na^Cr^O-^-kOAq] (Mitscherlich) ; +10 Aq. (Graham.) Obtained 
by saturating a boiling aqueous solution of acid oxalate of soda with 
hydrated oxide of chromium. (Mitscherlich.) — Six-sided tables or rhom- 
bic prisms, black by reflected, dark blue by transmitted light; efflorescing 
sliglitly in the air, and assuming a violet colour. The salt dissolves 
readily in water, and is precipitated therefrom by alcohol as a greenish 
blue syrup. (Berlin.) 

The aqueous solution of this salt mixed with that of normal oxalate 
of soda, yields by spontaneous evaporation, vdolet-blue scales and granules 
which become violet-red by efflorescence on exposure to the air, and 
contain 2(Na0,C’0®) + Cr0^,3C“0^-k^Aq. {BevVi-u, Berzelius, Lehigh. 3, 
1089.) [It is not easy to understand how oxalate of soda can abstract an atom of 
oxalate of soda from the blue salt just described.] 

% According to Rammelsberg (Fogg, 93, 51), a solution of hydrated 
chromic oxide in binoxalate of soda yields two salts, agreeing in compo- 
sition, but differing in form and colour. 

a. Bed Salt. — This salt crystallizes out fir.st. The crystals are 
black, but when reduced to thin laminse, exhibit a violet-red colour by 
transmitted light; they also yield a reddish-grey powder. They belong 
to the bemihedral division of the regular system. Their solution is 
violet-red, is not precipitated by ammonia, but gives a coloured precipi- 
tate after a while with chloride of calcium. 

h. Blue Salt, — Found mixed with a in the later crops of crystals. 
Black by reflected, but blue in thin laminm by transmitted light. 
Crystallizes generally in octagonal tables isomorphous with sodio-ferric 
oxalate. The powder and the aqueous solution of this salt have the same 
colour as those of a; it likewise gives the same reactions with ammonia 
and with lime-salts: 




Crystallized, 


Rammelsberg. 
Bed, Blue. 

3 

NaO 

93*6 .. 

.. 19*89 .... 

.... 20*56 .. 

.. 19-89 


Cr-03 ... 

80*0 .. 

17*00 .... 

.... 16*78 .. 

.. 16-89 

3 

O^QK 

216*0 

.. 45-90 



9 

HO 

81*0 . 

.. 17*21 




C^-Xa'Ci-0--^-f 9Aq 470*6 .... 100*00 
= 3(Na0,C-0-} -f (Cr03,3C20'‘^) + OAcj. ^ 
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Baryta-cTiromio Oxalate . — 3(BaO, C^O^) + (Cr^O^j 30^0^) + 12Aq. 
and ISAq. [=:6^^Ba®Cr-0^+ 12Aq. and ISAq]. Baryta-salts yield with 
acid chromic oxalate^and with blue ammonio-chromic or potassio-chromic 
oxalate, but only when the solutions are highly concentrated, a precipi- 
tate consisting, not of oxalate of baryta, but of baryto-chromic oxalate. 
The salt is obtained by precipitating a saturated solution of blue ammonio- 
chromic oxalate, with an equal volume of a saturated solution of chloride 
of barium, separating the precipitate from the mother-liquid, and purify- 
ing it by crystallization from a hot aqueous solution. — Dark-violet 
needles having a silky lustre. They are scarcely soluble in cold water, 
but dissolve in 30 pts. of boiling water. Potash separates the chromic 
oxide together with oxalate of baryta, but ammonia does not precipitate 
the chromic oxide completely. (Rees Reece), — Berlin had previously 
obtained light blue crystals, probably of the same nature, by dissolving 
oxalate of baryta in chromic oxalate, and cooling the solution. 

Btrontio’-cliromic Oxalate. — 3(SrO, C^O^) + Cr^O^, 30^0® -j- 1 8Aq. 
[= C^^Sr®Cr^O~^ + 18Aq.] — Analogous in all respects to the baryta- 
salt. (Rees Reece.) 

Calcio-chromic Oxalate. — a. 3(CaO, C^O^) + Cr-0^, 30^0® -f- 18Aq. 
(Berlin.) [= C^^Ca^Cr^O'^ -f- ISAq.] According to Berlin, the salt 
contains 33*84 per cent of water, which corresponds to at least 20 atoms. 
— 1. It is obtained by boiling a concentrated solution of chromic oxalate 
with recently precipitated oxalate of lime, throwing on a filter the violet 
magma which settles down from the hot filtrate as it cools, and washing 
it; it is then converted, by the removal of the blue mother-liquor, into 
shining rose-coloured, crystalline laminae, which dry up to a rose-coloured 
crust. — 2. A boiling aqueous solution of chromate of lime is reduced by 
oxalic acid; in this case also, the liquid filtered hot from the precipitated 
oxalate of lime, deposits a magma which must be treated as in the former 
process. (Berlin.) The salt, when heated to 100°, gives ofl' only 23'81 
per cent of water, assuming a light blue colour. — It dissolves in not less 
than 200 parts of cold water, and in a much smaller quantity of boiling 
water; but the hot solution deposits nothing on cooling, till it is evaporated 
to a syrupy consistence. If how'ever the solution be evaporated over the 
water-batb, there remains an amorphous mass of the green modification, 
which dissolves in a very small quantity of water, and then again deposits 
the red salt of the violet modification. The salt, when boiled with a large 
quantity of water, is partly resolved into oxalate of lime, which separates, 
and free chromic oxalate; the liquid filtered from the oxalate of lime and 
left to evaporate spontaneously, deposits the undecomposed red double 
salt, while the excess of acid chromic oxalate remains in the mother-liquor. 
The cooled filtrate mixed with alcohol, which retains the excess of chromic 
oxalate in solution, likewise deposits a dark-red magma of the undecom- 
posed red salt, deliquescing in the air to a dark-brown syrup, from which 
the rose-coloured powder is soon deposited. (Berlin.) 

A 3(CaO, C-0^) -j- Cr-0^, 30^0® -p 36 Aq. — Dark violet silky needles, 
exhibiting all tbe characters ascribed by Reece to the corresponding baryta- 
salt, excepting that they are decomposed by boiling water. (Reece.) 

The formation of this somewhat soluble salt explains tbe observation 
made by Dingier {Kastn. Arch. 18, 251), that from liquids containing 
lime and chromic oxide, the lime is not completely precipitated by oxalic 
acid; if however, such a liquid containing excess of hydrochloric acid, be 
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treated witli oxalic acid and then with oxalate of ammonia in excess, the 
lime will be completely precipitated. Similar reactions take place when, 
instead of chromic oxide, alumina or ferric oxide — both of which form 
similar salts with lime and oxalic acid — is present in an acid solution, 
together with lime. (Rees Reece.) 

Ifagnesio -chromic Oxalate. — An aqueous mixture of chromic oxalate 
with chromate of magnesia leares by spontaneous evaporation a mixture 
of blue and red crystals which are difficult to separate. (Berlin.) 

Uranous Oxalate, — Obtained by precipitating protocliloride of 
uranium with oxalic acid, and washing the precipitate repeatedly with 
boiling water to separate any uranic oxalate that may be mixed with it, in 
consequence of the protochloride of uranium having been oxidized by 
exposure to the air. — Greenish white; may be dried in the air and pre- 
served without decomposition. Of its 6 At. water it gives off 4 At. in 
Tacno. (Peligot, N. Ann, Ckim. Phys. 5, 26 and 32.) — Kammelsberg, 
{Pogg, 59, 20) by the same process, excepting that he does not appear 
to iiaxe washed with hot water, obtained a greyish-green powder, 
wffiich gave off 12*83 per cent of water at 100'^, 13*14 per cent at 220", 
and 17*30 per cent at the highest temperature which it could bear with- 
out decomposition; when subjected to dry distillation, it was resolved 
into water, oxalic acid, carbonic oxide, carbonic acid, and uranoso-uranic 
oxide; it was readily and completely decomposed by aqueous ammonia 
and potash, and dissolved with difficulty in hydrochloric acid. 


2UO 

... 136 . 

... 51*91 .. 

Peligot. 
50-6 ., 

Rammeisberg. 
54*31 

cw 

... 72 . 

... 27*48 .. 

27*6* .. 

27*56 

6 HO 

... 54 . 

.. 20*61 .. 

20*7 .. 

17*30 

C^U-OS+6Aq 

... 262 . 

... 160*00 ... 

98-9 

99*17 


* Inasmuch as Peligot found 9*2 per cent, of carbon. The salt analyzed by 
Rammeisberg had been dried over oil of vitriol, and thereby perhaps deprived of part 
of its water. 

When the salt is boiled with aqueous oxalic acid, it is converted, without loss, into 
a salt, which, according to Rammeisberg, contains 52*10 per cent uranous oxide, 
41*12 oxalic acid, and therefore 6*78 water; he regards it as UO,C"0^4- UO,2C-0''^ -f 2Aq. 
It is a question however whether this salt was not contaminated with uranic salt. When 
a small quantity of recently precipitated hydrate of uranous oxide is introduced into 
aqueous oxalic acid, a green solution is obtained; but when a larger quantity of the 
hydrate is added, the product just mentioned is precipitated. (Rammeisberg.) 

TJrani/c Oxalate, a. Pasic? — Berzelius {Pcgg. 1, 362 and 3 CS), in 
attempting to purify uranic oxalate by dissolving it in aqueous carbonate 
of ammonia, and precipitating from the filtrate by continued boiling, 
obtained, on one occasion, this salt, on another, the following salt h. Ho 
however considered it probable that the salt a thus obtained might he 
contaminated with ammonia, and therefore did not place implicit con- 
fidence in the analysis. 

Well dried. Berzelius. 


3 

432 

... 78 69 .... 

79-63 

C^O® 

72 . 

... 13*11 ... 

12*45 

5 HO 

45 . 

... 8,20 ... 

..... 7*92 

U-’02 + C‘(2ir20=)0S-l- 5Aq 

549 . 

... 100*00 ... 

100*00 


5. Normal. — 1. Formed by precipitating uranic nitrate with con- 
centrated oxalic acid. (Berzelius.) —— Berzelius purified the salt by solution in 
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carbonate of ammonia, &c. vid. Salta. — If tlie solations be mixed colJj tlie 
salt is precipitated in tlie form of a powder, but wdicu tliey ai-e mixed 
Lot, it separates on cooling in yellow crystalline grains. (Peligot). — 
When the solutions mixed are hot and concentrated, a viscid magma is 
first formed, which gradually changes to a yellow crystalline powder; this 
is washed with water, till the liquid which runs through gives but a 
slight reddening with litmus, arising from the portion of urahic oxalate 
which dissolves. The salt may also be purified by dissolving it in boil- 
ing water; but the method is troublesome, because the salt is but very 
slightly soluble even in hot water. (Ebelinen.) — 2. By precipitatino- 
a uranic salt with oxalate of potash. (Eichter, Neuere Ger/enst. 1, 16.) 

The salt obtained by the first process consists of a sulphur-coloured 
powder or crystalline grains, which, according to Ebelmen, have a density 
of 2*98. The second process yields a yellowish white powder. (Eichter.) 


Dried at 100°. 


Ebelmen. 

2 TJW 

288 .... 

76*19 


70-29 



72 .... 

19*05 


18*73 

2 HO 

18 .... 

4*76 



4 98 

0*^(2020-) 08 + 2 Aq 

378 .... 

100*00 


100*00 

Ah^-dried. 


Berzelius. 

Peligot. 

2 U^O^ 288 

.... 69*57 


69*00 

6'9*78 

CW 72 

.... 17*39 


17*99 

17*70»‘ 

6 HO 54 

.... 13*01 



13*01 

13*70 

CX2U20-)0S + CAq .... 414 

.... 100*00 


100*00 

. 101*18 


* P(^iigot found 5*90 p.c. carbon. 

The air-dried salt heated to 100^ — 120°, gives ofif nearly 9 per cent 
of water, which it takes up again from the air; at 300°, it turns ])rown, 
and is converted almost instantly, with evolution of water and carbonic 
acid, into a copper-coloured powder of uranous oxide, which by ignition 
in the air, is converted into green uranoso-uranic oxide (Ebelmen): 

C-^(2U-0-)OS 4- 2Aq = 4UO + 400^ + 2Aq. 

The same result had been previously obtained by Berzelius, excepting that he 
regarded the uranous oxide as metallic uranium. — The aqueous solution exposed 
to the sun continually gives off carbonic oxide and carbonic acid gases 
in varying relative quantity; becomes turbid; and deposits violet-brown 
flakes of uranoso-uranic oxide, till all the oxalic acid is destroyed and 
liquid is decolorized: the precipitated uranoso-nraiiic hydrate gradually 
assumes a yellow colour, and if exposed to the air becomes perfectly yellow 
by conversion into uranic hydrate. (Ebelmen.) — The salt dissolves in 125 
pts. of water at 14° and in 30 pts. of boiling water; it dissolves somewhat 
more readily in the stronger acids, and easily in warm aqueous oxalate of 
ammonia or potash, with formation of double salts which crystallize on 
cooling. (Ebelmen.) An excess of aqueous oxalic acid dissolves uranic 
hydrate even in the cold. The yellow solution, which scarcely reddens 
litmus, yields on evaporation, indistinctly crystalline crusts, and when 
evaporated out of contact of air, yields uranium [uranous oxide] in the 
form of a powder destitute of lustre. (Trommsdorn, N. Tr. 9, 1, 286.) 

Am77ionio~tcranous Omiafue. — The dark green solution, reddish on 
the edges, of recently precipitated uranous hydrate m hot acid oxalate of 
ammonia, yields by evaporation, crystals which must be freed as com- 
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pletely as possible from admised oxalate of ammonia by tecrystaliization 
(Ranimelsberg) : 


Crystals dried over oil of vitrioh Rammelsberg. 


uo 

.... Jl / 

.... 68 

.... iU i"± .... 

.... 40-96 .... 

. .. iJL Uii 

.... 37*65 

U06 

.... 72 

.... 43-38 .... 

.... 39*44 

HO 

.... 9 

.... 5-42 


C^(.NH‘‘,U)OS 

16(5 

.... 100-00 



Ammonio -uranic Oxalate. — Uranic oxalate dissolyes abundantly 
in wami aqueous ammonia, and yields beautiful yellow transparent 
prisms when the solution is evaporated, (Peligot, B. Ann. Chim. Flips. 
5, 49). Twelve-sided prisms belonging to the right prismatic system, with 
dihedral summits. Fig. 75, together with the ^face, by which the lateral 
edge between n and n behind is truncated .y \ x backwards = 112" 25'; 


y : a = 115^ 15' : y : 

: 7^= 106^ 30'; m : 

: u = 139° 

55' u : 71 

(Prevostaye, ibid.) 





Crystallized. 


Peligot. 



.... 6-11 


U\03 .. . 

344 

.... 51-80 

52-6 

C-^Qs . . 

72 

.... 25-90 , 

25-8 

5 HO 

45 

.... 16-19 



C^(Nli^U-02)0S + 4Aq 278 ... 300-00 

Peligot found in the salt, 8-6 p.c. caihon and 2-5H; he supposes it to contain only 
3 At. vrater. 


^ Potassio-uranoiis Oxalate. — Recently precipitated uranous hydrate 
boiled with an aqueous solution of salt "of sorrel, is coverted into a grey 
powder, only a very small quantity remaining in solution with a green 
colour.^ The powder, heated in a retort, after having been dried over oil 
of vitriol, becomes first brown, then black; gives off 13-08 per cent of 
water; and leaves a mixture of uranous oxide and carbonate of pot- 
ash, containing 49*60 per cent of the salt as uranous oxide and 
7*10 as potash, according to which numbers the salt should be = KO-j- 
UO + 6C-0^-r lOAq. (Rammelsberg, Fogg. 5%, 20.) 

Fotassio -uranic Oxalate. — Obtained by saturating a bot aqueous 
solution of normal oxalate of potash with uranic oxalate, filtering hot, ancl 
leaving the solution to crystallize by cooling. — Large, lemon-yeTow 
oblique rhombic prisms, transparent and permanent in the air. Fig. 114, 
u' :t^=lSU 2'; : ^=144^ 20'; uJ or u ;m=:lll=^ 28'; a : m=140" 52'; 

a :t^=150^ 36'. Effloresces and gives off all its water at 100°, and is 
converted at 300^ into a black mixture of uranous oxide and carbonate 
of potash; or if the air has access to it, into a yellowish red mixture of 
carbonate and uranate of potash. The aqueous solution is not decom- 
posed by exposure to sunshine. Chloride of calcium does not throw 
down all the oxalic acid from it, and the precipitated oxalate of lime con- 
tains also uranate of lime. (Ebelmen, B. Ann. Ckwi. Fliys. 5, 3 89; 
also A7in. Fharm. 43, 269.) 



Crystallised. 


Ebelmen. 

HO 

47*2 . 

. . 16-26 ... 

15-86 

11=03 

144-0 

. 49*62 ... 

49’92 

CW 

72-0 . 

... 24-81 ... 

24-73 

3 HO 

27-0 , 

... 9*31 ... 

9*35 

C*CK,U=0=)03 + 3Aq 290-2 . 

TOL. IX. 

... lOO-GO ... 

99*86 

3 
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When uranic oxalate is dissolved in excess of an aqueous solution of 
normal oxalate of potasli, and tLe hot filtrate evaporated, nearly all the 
double salt is deposited, and may be purified by recrystallization. It 
takes the form of small aggregated crystals resembling those of gypsum, 
and quickly giving ofif their water a little above lOO'^; their aqueous 
solution is decomposed by sunshine. These crystals contain 19*70 per 
cent KO, 40*50 25*63 C^O®, and 13*09 Aq. (the sum of which is 

98*92); their formula is therefore 3(KO,CW)d-2(TJ^O®,C^O^) + 10Aq. 
(Ebelmen.) 

MmiganoiiB Oxalate. — Manganous carbonate forms with aqueous 
oxalic acid a liquid from which the salt is deposited in the form of a white 
crystalline powder. (Bergman; Hausmann and Lowenthal.) The same 
salt is quickly produced on mixing a not too dilute solution of a man- 
ganous salt with oxalic acid (Bergman), or with oxalate of potash or 
ammonia. (Bucholz, M. Gehl. 9; 676.) Excess of oxalate of potash 
prevents the precipitation, by forming a double salt. (Wiiickelblech.) — 
The compound is likewise formed, with evolution of carbonic acid, on 
treating manganoso-manganic oxide or peroxide of manganese with 
aqueous oxalic acid. (Bergman, Bobereiner.) 

The white crystalline powder exhibits a reddish tint when dry. (Ber- 
zelius, Zeh?'!).) When the salt is precipitated by oxalate of potash from 
manganous sulphate dissolved in 100 pts of water, it separates in needles 
after a few days. The salt contains 24*16 per cent [5 At.] of water, no 
portion of which is given off at 100°. (Graham.) At a red heat, it 
gives off water, carbonic oxide, and carbonic acid gas, and leaves the 
green protoxide. (Trommsdorff, W. 9, 1, 286; Bachmann.) It is 
completely decomposed by hot nitric acid. (Dujardin, J. pr. Chem. 15, 
309.) Aqueous ammonia precipitates part of the manganous oxide, and 
forms a solution, which besides ammonia and oxalic acid, still contains 
manganous oxide, and when evaporated to dryness, deposits that sub- 
stance hut partially in the form of manganic oxide, so that on treating 
the residue with water, the greater part of the manganous oxide is 
redissolved. (Winckelblech, Ann, Fharm. 13, 280.) The salt dissolves 
in 900 pts. of cold, and in a smaller quantity of boiling water; cold 
aqueous oxalic acid (1 acid to 10 water) does not dissolve it much more 
abundantly than water, but hot aqueous oxalic acid dissolves it in much 
larger quantity. (Winckelblech, Ann. Fharm. 13, 280.) It is likewise 
not very soluble in dilute acetic acid. With aqueous sulphate, nitrate, 
hydrochlorate, or succinate of ammonia, it forms at ordinary tempera- 
tures a turbid solution, which, however, becomes clear when heated. 
(Wittstein, EeperL 57, 32.) 


Dried at 100^ 


Hausmann & Lowenthal. 

2MnO 

72 . 

... 40 ... 

39*92 



72 . 

... 40 ... 

39*20 

4 HO 

36 . 

... 20 ... 

20*88 

C^MiiW + 4Aq 

180 . 

... 100 ... 

100-00 


Manganic ^ Oxalate. — Brown manganic oxide forms with cold con- 
centrated oxalic acid, a brown solution, which, when mixed with potash, 
assumes a reddish purple colour from formation of permanganate of pot- 
ash. (Fromherz, Schw, 44, 339.) — Manganese ores of loose structure 
form with aqueous oxalic acid, a purple solution, which is resolved, slowly 
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in tlie cold, but immediately on tbe application of heat, into carbonic 
acid and manganous oxalate. Tbe quantity of manganous salt thus pre- 
cipitated is niucb above that wbicb corresponds to tbe quantity of car- 
bonic acid evolved; for a portion of manganous salt was likewise beld in 
solution through the medium of the manganic salt. (Berthier, A7in. Chim. 
Fhys, 51 y 88.) 

Ammonio-77ia7iganous Oxalate. — Manganous oxalate dissolves readily 
in an aqueous normal oxalate of ammonia, forming a double salt which 
crystallizes in small white needles, effloresces to a yellow powder on 
exposure to the air, and dissolves sparingly in water. (Winckel blech.) 



Crystallized, 


Winckelblech. 

NH3 .... 

17 ... 

.. 10*00 

10*36 

MnO .. . 

36 .. 

21*18 

20*36 

CW .... 

72 . 

.. 42*35 

42*24 

5 HO 


.. 26*47 

... . 27*16 


C^(NH‘^,Mn)OS + 4Aq .... 170 .... 100*00 100*12 

Winckelblech supposes the salt to contain 1 At. less of water. 

On mixing a not too dilute solution of the salt with ammonia, a 
basic salt separates in needles, or if the solution he somewhat stronger, 
in the form of a crystalline powder. (Winckelblech.) 

■Winckelblecb. 

3KH3 51 .... 13*28 .... 13*34 


3 MnO 

108 

.... 28*13 .. 

.. 27*64 

2 

, 144 

.. . 37*50 .. 

.. 37*28 

OHO 

81 

. .. 21*09 .. 

.. 20*98 

2NH3 + C\NH-‘,Mn)08 + C-'MtfQS + 8Aq ? .... 

, 384 

.... 100*00 .. 

.. 99-24 


Fotassio-manganom Oxalate. — The solution of manganous oxalate 
in aqueous normal oxalate of potash, yields faint rose-coloured crystals, 
which leave when ignited a mixture of manganous oxide and carbonate 
of potash; they are insoluble in water, but dissolve in aqueous oxalate 
of potash. (Winckelblech, Aim, Fkarm, 13, 280.) 

Fotassio-Tnanganic Oxalate ’I — A cold aqueous solution of salt of 
sorrel agitated with pulverized peroxide of manganese, gives off car- 
bonic acid and forms a purple liquid. (Van Mons, J. Fhann, 5, S07.) 

Oxalate of Arseniotis Acid 7 — Warm aqueous oxalic acid scarcely 
acts on metallic arsenic, but readily dissolves arseuious acid. The solu- 
tion when evaporated, yields prisms which, when fused at a gentle heat, 
give up part of their oxalic acid and yield beautiful vegetations; these have 
an acid reaction, sublime unaltered at a gentle heat, and at a stronger 
heat yield, first oxalic acid and afterwards arsenic. They dissolve readily 
in water and alcohol. (Bergman.) 

AniiMonic Oxalate. — Aqueous oxalic acid dissolves a small quan- 
tity of antimonic oxide prepared at a red heat, and leaves on evapo- 
ration crystalline grains which dissolve sparingly in water. The same 
compound is likewise formed by the action of oxalic acid on antimonic 
sulphate or acetate; whereas butter of antimony is not acted upon by 
oxalic acid. (Bergman.) — When antimonic oxide, precipitated by 
carbonate of ammonia from butter of antimony, — or powder of alga- 
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roth, — is Lolled witli oxalic acid, or when liydrocliloric or tartaric acid 
is poured into tLe hot aqueous solution of potassio-antimonic oxalate, 
the same antimonic oxalate is likewise precipitated in the form of a white 
crystalline powder. It is insoluble in cold water, and is decomposed 
by hot water, which withdraws the acid from it. (Peligot, iV. Ann, 
Ohim, JBkys, 20, 291.) 


SbO^ 

153 .. 

.. 65*38 .... 

Peligot. 
66*15 

4 C 

24 

.. 10*25 ..., 

10*43 

6 0 

48 .. 

.. 20*51 


HO 

9 .. 

.. 3*86 ... 

4*10 


C^(H,SbO-)OS 234 .... 100*00 


^ Ammonio-antimonic Oxalate . — A solution of binoxalate of ammonia 
boiled with excess of antimonic oxide, yields (together with the delicate 
prisms of the ammonia-salt), larger, transparent, shining crystals of the 
double salt. — [For the form vid. Rammelsbeig, Pogg. 93, G4.] The salt gives 
off only a fraction per cent at 100^, and at 175“ is already fused, 
blackened, and decomposed with loss of ammonia. Water decomposes 
it inmiediately, separating white antimonic oxide which does not redissolve 
on boiling. The filtrate, which still becomes slightly turbid when heated, 
forms with hydrochloric acid a copious crystalline precipitate, consisting 
essentially of quadroxalate of ammonia, but still retains a large quantity 
of antimony in solution. (Rammelsberg.) 

Crystallized. Rammelsberg. 


11 cw 

396 

... 46*59 ... 

. . . 46*43 

5 NH^O 

90 

.. 15*29 ... 

15*45 

2 Sb03 

306 

36*00 

.... 35*90 

2 HO 

18 . 

... 2*12 

... 2*22 

5(NH'*0,C20'^) + 2(Sb05.3C:03) + 2Aq 

810 . 

... 100 00 ... 

.... 100*00 


This salt is analogous to the potash -salt a described below (p. 149) ; its rational 
formula is perhaps : [3(NtH0,C"03) + (Sb03,3CW)] + 2(NH-*O,C203) + (SbO^SCSQ^*) 
+ 2Aq. (Rammelsberg.) ^ 

JPotassio-antimonic Oxalate. — ^When 60 parts of salt of sorrel dissolved in 
water are boiled with 9 parts of antimonic oxide prepared in the humid way, only 6§ 
pts. are dissolved. (Wenzel.) — 1. The Salt is obtained by boiling equal parts 
of pulverized native snlpbide of antimony aud hyperacid oxalate of 
potash with water, leaving the filtrate to crystallize, and purifying it by 
recryatallization. (Lassaigne, J. Cliim. med. 3, 278; also Jlar/. FJiarm. 
19, 142.) — By boiling an aqueous solution of salt of sorrel with excess 
of antimonic oxide. (Bussy, J”, Fhann.24j 6T6.) — White needles, united 
in stellate groups, which redden litmus, have an astringent and after- 
wards an acid taste, and exert an emetic action, but not so powerful as 
that of tartar emetic. (Lassaigne ) Large, oblique four-sided prisms. 
(Bussy); transparent prisms. (Peligot, A7 A7i7i. Chim. Fkys 20, 291.) 
They give off their water (9'5 per cent) at 100^; but a certain portion 
of the oxalic acid appears to volatilize at the same time. The aqueous 
solution diluted with water becomes turbid, and deposits antimonic 
oxide in the form a white powder, leaving salt of sorrel in solution 
together with undecomposed double salt, (Bussy.) The aqueous solution 
is decomposed with precipitation by mineral acids. The salt dissolves 
in 9*5 parts of water at 9®, and in a smaller quantity of hot water. 
(Lassaigne.) 
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Calculation of tlie crystals, accDrding' to Bussy. Eussy, Peiigct. 


3 KO 

.... 141*6 

. . 25*08 



Sb03 ... 

153*0 

.... 27*10 .... 

.... 27*33 .. 

.. 24*80 to 26*2 

12 C 

72*0 

.... 12*75 .... 

.... 

.. 13*70 „ 14*4 

18 0 

144*0 

.... 25*51 



6 HO .... .. 

54 0 

. .. 9*56 .... 

. . 9*50 !! 

.* 9*47 „ 12*0 


564*6 

... 100*00 




According to Peligotj tlie formula is 3KO-f Sb0^4-7C-0^+6Aq. — 
According to Lassaigne, the crystals contain 20‘19 per cent of water. 
Possibly Lassaigne’s salt was difierent from the above. 

% According to Rammelsberg {Fogg. 93, 55), there exist three oxalates 
of antimony and potassium. When a solution of pure binoxalate of potash 
is boiled with antimonic oxide (prepared from algaroth-powder), as long 
as any of the oxide is dissolved, the filtrate yields on cooling an abundant 
crop of small crystals (a), an additional quantity of which are obtained 
by evaporation. Soon, however, larger crystals of another salt (6) 
show themselves, and together with them, crystals of the efflorescing 
hyfflrate of oxalate of potash C^HKO^-i-Aq. (p. 126), also of the 
quadroxalate, C^HK0®,C^H‘^O® + 4Aq. j and sometimes also crystals of 
another double salt (c) more soluble than a or h. 

a. This salt is formed even when the solution of binoxalate of potash 
is not completely saturated with antimonic oxide. The crystals, which 
are generally small and indistinct, belong to the oblique prismatic 
system. — [For the measurements of tlie angles of this and the following salts, see 
Rammelsberg’s memoir.] — The salt is partially decomposed by water, with 
separation of antimonic oxide and formation of binoxalate of potash; 
Ibut the greater part of the salt crystallizes again from the liquid, mixed 
at last wth crystals of h. The solution forms with hydrochloric acid a 
copious crystalline precipitate, containing a large quantity of quadrox- 
alate of potash, and easily redissolving in excess of the acid : 

Crystallised. Eammelsberg. 


11 0=03 

396 .. 

., 39*57 .... 

.... 40*0 

5 KO 

236 .. 

.. 23*55 .... 

.... 23 5 

2 Sb03 

306 .. 

.. 30*58 .... 

. . 30*2 

7 HO 

63 .. 

.. 6*30 .... 

.... 6*3 


5(K0,C"03)-f 2(Sb0^3C-G-^) + 7Aci .... 1001 .... 100-00 .. . 100*0 

According to this formula, the salt may be regarded as a compound of two other 
double salts, viz. [3(KO,CO-) + Sb03,3C-0'^)] + [2(IvO,CO‘A + (Sb0S,3C-03)] + 7Aci. 
— The former of these is identical with the salt h ; the latter has not yer been isolated. 
Rammelsberg also proposes the simpler formula 3(KO,C-0^) -f (SbO^jBC-O*"^) -f 3Aq. 
which, however, does not agree so well with the analysis, giving, in fact, 40*19 C-0^, 
26-32 KO, 28*17 SbO^, and 3-02Aq. 

h. The crystals of this salt are in general larger than those of a, and 
very lustrous and transparent; they belong to the right prismatic system. 
Heated to 100^, they give ofif 77*T5 to 7'81 p.c. (nearly 5 At.) water; 
at 110°, the loss amounts to 1 0*85 p.c. (7 At.); and at 175°, the whole of 
the water = 13*00 p.c. (9 At.) is given offl At 250^, the salt blackens, 
decomposes, and if afterwards digested in water, leaves puivernient 
antimony. 

The salt dissolves completely in water. The clear, acid solution 
becomes turbid when heated, and does not recover its transparency on 
cooling. The precipitate consists essentially of antimonic oxide with 
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traces of oxalic acid and potash. Hydrochloric acid added in small 
quantity throws down antimonic oxalate; and after this precipitate has 
been separated, a further addition of acid produces a crystalline preci- 
pitate consisting chiefly of quadroxalate of potash. The solution of the 
salt precipitates baryta, lead and silver salts, the precipitates probably 
consisting of analogous double salts. 

Crystallized, Rammelsberg. 


6 C=02 

216*0 .. 

36*52 ... 

37*82 

3 KO 

141*6 ., 

... 23*91 .... 

24*12 

Sb03 

153*0 . 

... 25*88 .... 

. .. 25*40 

9 HO 

83*0 . 

... 13*69 ..., 

12*66 

3(K0,C^03) + (Sb03,3C20S) + 9Aq 

591’6 . 

... 100*00 ... 

lOO-OO 


c. Sometimes obtained from the mother-liquor remaining after the 
separation of the two preceding salts; the crystals belong to the doubly 
oblique prismatic system. The salt forms a clear solution in water; 
hydrochloric acid precipitates it in the same manner as a and 5. 


Crystallized, 



Rammelsberg. 

1 C203 

252*0 .. 

.. 47*07 .. 

45*43 

2KO 

94*4 .. 

.. 17*63 ., 

18*47 

Sb03 

153*0 .. 

... 28*58 

28*77 

4 HO 

$6*0 . 

6*72 . 

7*33 

2(K0.2C=03) + (Sb03,3C=03) + 4Aq 

535*4 . 

.. 100-00 . 

100*00 


The composition of this salt must be considered as doubtful, as it was not con- 
stantly obtained. (Rammelsberg.) ^ 

Telluric Oxalate, — Aqueous oxalic acid does not dissolve dry telluric 
oxide, but it dissolves the hydrate, and yields crystalline grains con- 
sisting of radii diverging from a centre; they dissolve readily in water 
without decomposition. (Berzelius.) 

Oxalate of BismiUh. — Aqueous oxalic acid blackens bismuth, without 
dissolving it. It combines readily with the hydrated oxide, forming a 
white powder. From nitrate of bismuth, it throws down, in the course 
of an hour, transparent many-sided grains, which do not become opaque 
by immersion in water, and like the white powder, contain 30 per cent 
of bismuth. (Bergman.) The salt ignited in a close vessel gives off 
water and carbonic acid, and leaves metallic bismuth. (Boussingault, 
Anil, Chim. Blips, 54, 266.) It contains 62-03 percent of BiO®, 9*120, 
10*1 Hand 27*84 0. (Schwarzenberg, Aim, Fhaiin, 64, 12, 6.) [Pro- 
bably therefore -f- 6Aq.] 

When the finely pulverized salt is boiled for some time with water, which 
abstracts the oxalic acid, there remains a white crystalline powder which 
decomposes between 200° and 240°, with evolution of carbonic acid, is 
insoluble in cold dilute nitric acid, slightly soluble in strong nitric acid, but 
dissolves with tolerable facility in hydrochloric acid. (Heintz, Fopg, 63, 90.) 





Heintz. 

2 Bi03 

474 .. 

.. 73*49 .... 

72*73 

2 

144 .. 

.. 22-32 .... 

23*10 

3 HO 

27 .. 

.. 4*19 .... 

..... 4*15 


2BiO3,2C-^0® + 3Aq 645 .... lOO’OO 99*98 


Oxalate of Zinc , — Produced in the form of a white powder: I. By 
treating zinc with oxalic acid, the action being attended with rapid 
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erolntion of gas; — ‘2. B j precipitating sulpbate^ chloride^ or nitrate of 
zinc with oxalic acid, whicb throws down the zinc completely (Bergman.) 
— 3. By precipitating zinc-salts with normal oxalate of potash (Schindler, 
Mag. Pharm, 36, 62.) — White, non-crystalline powder (Schindler.) — 
Gives off all its water above 100°, and afterwards at a stronger heat 
yields carbonic oxide and carbonic acid, leaving an oxide of zinc possess- 
ing peculiar properties. (Dulong.) At a red heat, it gives off equal 
volumes of carbonic acid and carbonic oxide gases, and leaves yellowish- 
white oxide of zinc, which does not increase in weight when ignited in 
the air, and is therefore not a suboxide. (Regnanlt, Ann, Ghim, Phjs, 
62. 354; Pelouze, A'lin, Ghim. Phys. T9, 112) The residual oxide 
exhibits no peculiarity, excepting that it sometimes retains a little car- 
bonic acid. (Marchand, Pogg. 36, 144.) — Oxalate of zinc is scarcely 
soluble in water, except in presence of excess of acid. (Bergman.) It 
dissolves in aqueous hydrochloric acid and in ammonia. (Thompson.) 
Also in carbonate of ammonia; but the sulphate, hydrochlorate, nitrate and 
succinate of ammonia dissolve it but imperfectly, even with the aid of 
heat. (Wittstein, Pegert. 17, 33.) According to Brett, it dissolves com- 
pletely in hot sal-ammoniac. 

Air -dried. Schindler. Marchand. 

2ZnO 80 .... 42*55 ....... 42*59 42*93 

C-^06 72 .... 38-30 38-32 37*53 

4 HO 36 . . 19*15 19*09 19*54 

C-^Zn^OS-flAq 188 .... 100*00 100*00 100*00 

Zinco^ammonic Oxalate. — a. Deposited in needles when oxalic acid 
is added to an aqueous solution of chloride of zinc supersaturated with 
ammonia. (Wackenroder, Ann. Pharm. 10,63) 

h. When an aqueous solution of acid oxalate of ammonia is digested with 
carbonate of zinc till it is completely saturated, oxalate of zinc separates 
out ; and the filtrate when evaporated leaves milk-white nodules, which 
slowly effloresce and give off water, are nearly insoluble in cold water,, 
but are decomposed by hot water, with separation of carbonate of zinc. 
(Kayser, Pogg. 60, 140.) 


h. Crystallized. 

4 NH3 

68 

... 14*98 .... 

Kayser- 
..... 16*86 

2 ZnO 

80 . 

... 17*62 .... 

..... 17*58 

3 C'O*' 

216 .. 

... 47*58 .... 

..... 46*24 

10 HO 

90 . 

... 19*82 


2[CX2]SfH4)OS] -}- C-^Zn-O^ + 6Aq 

454 . 

... 100*00 



Zmo-potassic Oxalate. — A concentrated solution of normal oxalate of 
potash boiled for some time with oxalate of zinc, and then filtered, yields 
on cooling, small transparent tables, which effloresce, are nearly insoluble 
in cold water, and are decomposed by boiling water, with separation of 
oxalate of zinc. (Kayser.) 


KO 

47*2 

.... 24*18 ... 

Kayser. 
24*88 

ZnO 

. .. 40*0 

.... 20*49 ... 

18*66 

C-0® 

72*0 

.... 36*88 


4 HO 

36*0 

.... 18*45 . . 

20*66 

C^ZnKOS-f4Aq 

. .. 195*2 

.... 100*00 



Oxalate of Gadmium. — Formed by precipitating a cadmium-salt with 
alkaline oxalates (Stromejer), or with free oxalic acid. (Marchand, Pogg.. 
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S8j 14G.) White crystalline powder. (Marchand.) — Does not lose weight 
in vacuo or when heated to 300^, but when heated in a closed vessel to the 
melting point of lead, it gives off water, carbonic acid, and carburetted 
hydrogen gas, and leaves green siiboxide of cadmium (V, 53.) If the 
temperature be suddenly raised above this point, charcoal separates out, 
and at a red heat exerts a reducing action, so that a mixture of metal and 
oxide remains behind. (Marchand.) — The salt does not dissolve in water 
(Stromeyer), even in presence of free oxalic acid (Children); but is 
easily soluble in a cold aqueous solution of sal-ammoniac (Brett), also in 
ammonia, and in sulphate, nitrate and succinate of ammonia. (Wittstein.) 

Marchand. 


2 CdO 

.. 128 .. 

... 54*24 .. 

. .. 53*81 

CW 

.. 72 

... 30-51 ... 

30*19 

4 HO 

.. 30 . 

.. 15*25 . 

... 16*00 

C^Cd*03 + 4A(i .. 

.. 236 . 

... 100*00 ... 

. ... 100 00 


Stannous Oxalate, — a. Worrtial. Tin immersed in a warm aqueous 
solution of oxalic acid, blackens at first, and.gives off gas, and afterwards 
becomes covered with a white powder, while a large quantity of tin 
dissolves in the liquid. (Bergman.) According to Hausmanu and Lowen- 
thal, the quantity of tin dissolved is scarcely perceptible. — The preci- 
pitate which oxalic acid forms with stannous acetate yields by dry distil- 
lation, water, carbonic oxide, carbonic acid, and ernpyreumatic oil, and 
leaves light brown stannous oxide. (Boussingault, Ann Cliim, Pkys. 54, 
266.) It dissolves in hot hydrochlorate and nitrate of ammonia. (Brett.) 
Forms shining needles which are insoluble in cold water, and are partly- 
decomposed by boiling water. Forms double salts with the oxalates of 
ammonia, potash, and soda. (Bouquet, Ann. Pharni. 64, 278.) 

IT An aqueous solution of protochloride of tin forms with oxalic acid a 
white, crystalline, pulverulent precipitate of stannous oxalate containing 
water, only a small quantity ot tin remaining in the liquid. — The salt is 
permanent in the air, and does not part with all its water at 100°, or 
even at considerably higher temperatures, 2 or 3 per cent of water 
obstinately adhering to it, even when it is heated to between 1 60° and 
180° in a current of air. It is very little soluble in water, either hot 
or cold, insoluble in oxalic acid, sparingly soluble in cold dilute acids, 
but dissolves readily in hot hydrochloric or nitric acid, in the latter case 
with evolution of red vapours. The nitric acid solution, when heated for 
some time, deposits a large quantity of stannic oxide. — Stannous oxalate 
dissolves in hot solutions of ammoniacal salts, and partly separates out 
again in small crystals on cooling. It forms double salts with the 
oxalates of ammonia, potash and soda. (Hausmanu and Lowenthal, Ann* 
Pha7m. 89, 104.) 

Haiismann Sc Lowenthal. 

a. 

2 SnO 136 .... 65-37 63-56 .... 63-61 

C<0« 72 .... 34-63 33-64 ... 33-43 

HO .... 2-80 .... 2-91 

2SnO,C'‘0«orC<SnW.... 208 ... 100-00 100-00 .... 99-95 

a -was dried at 100°, /3 at 160°. The mean of these analyses gives for the 
anhydrous salt, SnO — 65*44 j oxalic acid =34*51, % 

h. Acid Salt. — Aqueous oxalic acid, after being digested with tin 
(vid* -s^^p.), tastes rough, still reddens litmus, and yields prismatic crystals. 
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or Trlien the solution is evaporated to dryness, a Korny mass, vrliose 
aqueous solution forms a copious precipitate witli tlie alkalis. (Bergman.) 

Stannic Oxalate , — Stannic oxide dissolves readily in oxalic acid 
(Bergman.) — “IF Recently precipitated stannic oxide (obtained by preci- 
pitating the chloride vdth sulphate of soda) dissolves readily in a vmrm 
solution of oxalic acid. A solution nearly saturated with stannic oxide 
— which, as well as the perfectly saturated solution, turns blue on exposure 
to sunshine even if the air be excluded, but becomes colourless again in the 
dark — yields on evaporation, shining white laminae containing variable 
quantities of stannic oxide, and becoming, by repeated crystallization, con- 
tinually poorer in that substance, till at length pure oxalic acid crystallizes 
out ill flattened prisms. — The solution saturated with stannic oxide is some- 
what milky, and yields, when evaporated, not crystals, but a colourless jelly 
which dries up to gummy fragments. The dried salt yields by triturkion 
a white powder soluble in water; its composition is not constant, the amount 
of stannic oxide varying between T2 and 80 per cent. When treated with 
a small quantity of cold water, it becomes continually moi'e basic. 

The solution of stannic oxide in oxalic acid yields with the sulphates, 
hydrochlorates, nitrates, &c., of the alkalis, a white precipitate of 
hydrated stannic oxalate, soluble in water. Oxalate of ammonia produces no 
precjpitate. Sulphuric, nitric, and hydrochloric acid at ordinary tempera- 
tures produced the same precipitate, soluble in water and in excess of 
liydrocbloric or sulphuric acid. — Ammonia forms the same precipitate, 
soluble in water and in excess of ammonia. From the ammoniacal 
solution the precipitate separates again after a while, but is then no 
longer soluble in ammonia, though still soluble in water, in which 
however it likewise becomes insoluble, after remaining for some time in 
contact wfltli the ammoniacal liquid. The fixed alkalis and alkaline 
carbonates also form white precipitates, soluble in water immediately 
after precipitation, but becoming insoluble after remaining for some time 
in the liquid or being heated with it. All these soluble precipitates dry 
up at lUO^, forming gummy fragments, which are afterwards nearly 
insoluble in water, that liquid merely extracting a little oxalic acid from 
them, and a trace of stannic oxide. At a red beat, they leave a small 
quantity of charcoal, and when that is burnt away, a residue of light 
yellow stannic oxide. They all appear to have the same composition, viz.: 

Hansraann & Lovrenthal, 





a. 

&. 

12 Sn02 

... 900 . 

... 83*33 

83*64 ., 

83*28 

(^O" 

... 72 . 

... 6-67 ... 

6*64 . 

.. 6*78 

12 HO 

... 108 . 

... 10*00 ... 

..... 9*72 ., 

9*94 

12Sn0=,C'*06 + 12Aq .. 

... 1080 . 

... 100*00 ... 

100*00 . 

... 100*00 


a was precipitated by chloride of ammonium j ^ by cold nitric acid. (Hausmann 
& Ldwenthal.; 

Ammonio-stannom Oxalate , — Obtained by dissolving stannous oxa- 
late in a boiling concentrated solution of oxalate of ammonia, and mixing 
the solution when cold with alcohol. It then, after some time, deposits 
the double salt in stellate groups of needles which effloresce in the air, 
are insoluble in alcf>hol, and have a very sweet taste. The concentrated 
solution, when left to itself for some time, deposits stannous oxalate. 
(Hausmann & Lowenthal.) 
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Hausmaun & Lowenthal. 


SnO 

, 68 . 

... 38*86 ... 

38-00 

NH-^O 

, 26 . 

... 14*86 ... 

15-60 

CW 

72 . 

... 41*14 . 

40-52 

HO 

9 . 

... 5*14 .... 

5-88 

C'‘Sn(NH'‘jOS + Aq 

175 . 

... 100-00 .... 

100-00 


This salt is isomorphous with tlie potassium-salt {inf,)] it fuses and 
detonates when heated. (Bouquet.) 

Fofcmio-stannoiis Oxalate. — 1, Obtained by dissolv^ing recently pre- 
cipitated stannous oxalate in a hot concentrated solution of neutral 
oxalate of potash. Purified by recrystallization. (Hausmaun & Lowen- 
tiial.) — 2. By treating acid oxalate of potash with a large excess of 
stannous oxide. — Transparent, colourless, prismatic crystals which dis- 
solve readily in hot water, less readily in cold water, and are insoluble in 
alcohol. (Hausmann & L5w.) — Bouquet’s salt forms large colourless 
crystals, which dissolve readily in cold water, forming a solution which 
becomes milky after a while, and decomposes quickly when boiled, yield- 
ing first a white gelatinous, and afterwards a black precipitate. (Bouquet.) 
— The salt has a strong sweet taste, but leaves a bitter after-taste. It 
reddens litmus, and is not decomposed when heated to 100° in contact 
with the air. (Hausmann & Lowenthal.) 

Hausmann & Lowenthal. 


SnO 

.. 68-0 . 

... 34*66 ... 

.... 34*68 

KO 

.. 47*2 . 

... 24-05 ... 

.... 24*35 

CW 

.. 72*0 . 

... 36-70 ... 

... 36*30 

HO 

.. 9*0 

... 4*59 .... 

4*67 

C^SnKO^ + Aq . 

. 196-2 . 

. 100-00 .... 

. .. 100-00 


Sodio-stannic Oxalate, — Prepared like the potassium-salt, which it 
resembles in its properties. (Hausmann and Lowenthal.) Anhydrous and 
crystallizable. (Bouquet.) 11 

Oxalate of Lead. — a. Basic, — Obtained in the form of a white 
powder, by precipitating an aqueous solution of trisacetate of lead with 
normal oxalate of ammonia, or by boiling the normal oxalate of lead 
with the aqueous solution of the trisacetate (which is thereby converted 
into the normal acetate), — and in white shining iaminse, soft to the 
touch, by mixing a boiling solution of oxamlde with nitrate or acetate of 
lead, and then with a small quantity of ammonia. — When exposed to 
the air, it absorbs carbonic acid, and is resolved into a mixture of car- 
bonate and normal oxalate of lead. Acetic acid dissolves out the excess 
of oxide of lead ; so does a boiling solution of nitrate of lead, being itself 
thereby converted into a basic nitrate. (Pelouze, Ann. Qliim. Phys. 79, 
104j also Ann. Pharm, 42, 206j also J. yr. Ghem. 25, 487.) 

Pelouze. 

6 PbO 672 .... 90-32 90-5 

72 .... 9*68 9-5 

4PbO + CW05 .... 744 .... 100-00 100-0 

h. normal, — Precipitated in the form of a white powder by adding 
oxalic acid to any solution of a lead-salt. (Bergman.) May also be 
obtained in needles. (Berzelius, A^7i?*6.) — When cautiously heated in a 
retort, it gives off carbonic acid mixed with a smaller quantity of carbonic 
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oxide, and leaves suboxide of lead. (Dulong, Boussingault, Pelouze V,107.) 
The decomposition takes place at 300^, and yields continually 3 vol. 
carbonic acid gas to 1 yol. carbonic oxide; towards the end only, if tbe beat 
be raised somewhat abore 300^ to complete tbe decomposition, tbe pro- 
portion of carbonic acid becomes somewhat greater (Pelooze) : 

C^Pb^Qs = Pb^O -f SCO- -f CO. 

A mixture of tbe dry salt with pieces of potassium detonates violently 
below tbe temperature at wbicb tbe lead-salt alone is decomposed ; the 
tube, wbicb is broken by tbe explosion, is afterwards found to contain 
lead and potasb, but no charcoal. (Serullas, J. Fharm. 12, 575.) — Tbe 
salt is insoluble in water, but dissolves sparingly in aqueous oxalic acid 
(Bergman) j it is insoluble in acetic acid. (Yauquelin.) It dissolves in 
warm aqueous sal-ammoniac (Brett); also in boiling nitrate and succinate 
of ammonia, but not in caustic ammonia or carbonate of ammonia, (Witt- 
stein, Eepertj 63, 330.) Soluble in nitric acid. 


Dried at 140®. 
2 PbO 224 ... 


Berzelius. 

{Ann. Chim. 94, 180.) {Pogg. 47, 199.) 
75*46 75*479 


CO 72 .... 24*324 . ... 24*54 24*521 


CWQS 296 .... 100*000 . ... 100*00 100*000 

Oxalo-nitrate of Lead. — a. Basic, — 4PbO,C^Pb^O® + 6(PbO,NO®) -}- 
6Aq. — When oxamide is boiled with a strong solution of nitrate of lead 
mixed with ammonia, this salt is precipitated during tbe ebullition in 
white, shining, crystalline grains, wbicb must be washed with cold water 
and dried in vacuo. If tbe boiling be too long continued, and the liquid 
still contains neutral nitrate of lead (wbicb thereby becomes bibasic,) 
tbe salt is converted into tbe following salt h, Tbe salt a is likewise 
formed when basic oxalate of lead is boiled with a solution of nitrate of 
lead in a double quantity of water, tbe ebullition being stopped before 
tbe salt a is converted into h. (Pelouze, Ann, Ohim. Bhys. 79, 104.) 

h. — C^Pb®0®4-2(PbO,NO^)4'4Aq. — Discovered by Johnston, 

(PM. Mag, J. 13, 25; N, Br. Arch. 15, 166,) and by Dujardin {TmtUuL 1838, 
January; also 7. pr. Chem. 15, 308.) — 1. Formed by adding a solution of 
normal acetate of lead to a mixture of dilute oxalic acid with a large 
quantity of nitric acid, — or dilute oxalic acid to a mixture of a dilute 
solution of normal acetate of lead and a large quantity of nitric acid; 
or by mixing lead-vinegar with a large quantity of nitric acid, and 
slowly adding dilute oxalic acid. The double salt is then precipitated 
after a while in shining laminje, the precipitation becoming slower as the 
quantity of oxalic acid in the liquid diminishes. (Johnston.) — 2. The 
salt likewise separates from a solution of oxalate of lead in warm dilute 
nitric acid. (Dujardin.) — 3. It is also formed by boiling normal oxalate 
of lead with a strong solution of the nitrate. (Pelouze.) The crystals 
must not be washed with Tvater. (Johnston.) — White, nacreous, six- 
sided laminae, whose faces are longitudinally striated, or long needles 
(Johnston); oblique rhombic prisms (Miller); rhombic tables (Dujardin); 
hexagonal tables (Pelouze). 



Crystallized, 


Johnston. 

4 PbO 

448 .. 

.. 67-47 .... 

67*28 

2NO^ 

108 .. 

.. 16*27 


c-^0^ 

72 .. 

.. 10*84 


4 HO .. .. 

36 .. 

.. 5*42 . 

5*28 


OTb-OS + 2fPbO,N05)-i-4Aq 664 .... 100*00 
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Tlie salt loses notMng at 100°, but gives off 5*28 per cent of water 
towards 260°; at a temperature somewhat below 300°, it evolves nitrous 
fumes and leaves carbonate of lead, which at a higher temperature is 
converted into the oxide. (Johnston. Dujardin.) It is decomposed by water, 
the decomposition taking place with peculiar facility if the salt has not been 
previously dried at 1 00°. Boiling water dissolves out nearly all the nitrate 
of lead, leaving 62*35 per cent of a mixture of oxalate of lead and a small 
quantity of undecomposed double salt. (Johnston.) Cold water decom- 
poses the salt slowly, boiling water quickly. (Pelouze.) The salt dis- 
solves in waim nitric acid, and separates again on cooling. (Dujardin.) 

Potassio-plumlic Oxalate, — Acid oxalate of potash digested with 
hydrated oxide of lead, dissolves a small portion of it, and yields small 
needles which are permanent in the air, but are decomposed by alkalis. 
(Wenzel.) 

JPhimho -chromic Oxalate, — 3(PbO.C-0^) 4- + 1 5Aq[= C^”Pb^ 

CiAO^^-t-15 Aq.] — A solution of blue potassio-chromic oxalate forms 
with normal acetate of lead, a bluish grey precipitate, which docs not 
lose weight at 100°; while still moist, it dissolves in boiling chromic 
oxalate, but separates again unchanged on cooling. (Berlin.) 

Ferrous Oxalate, — a. Normal. Found in brown coal strata in the 
form of Humholdtite or Iron-resin; yellow, of sp. gr. 2T3 ; rarely in 
capillary crystals; generally in crude masses of fibrous, granular, or 
compact texture, somewhat harder than gypsum. (Breithaupt, Gilh, 70, 
426) Mariano de Rivero and Vauquelin, Ann. Chun. Phys. 18, 207; 
abstr. Schw. 33, 426.) 

Preparation. Iron dissolves in aqueous oxalic acid, with evolution 
of hydrogen, forming at first an acid salt; but as the acid becomes further 
saturated with ferrous oxide, the normal salt is precipitated. (Berzelius, 
Lehrb,) — 2. The salt is also obtained by precipitating green vitriol with 
oxalic acid. (A. Vogel, J, pr. Chem, 6, 339.) The iron is almost wholly 
precipitated; if the filtrate be afterwards evaporated, the last portions of 
ferrous oxalate settle down, and the liquid filtered therefrom contains 
nothing but sulphuric acid and a trace of iron. (A. Vogel.) — 3. By pre- 
cipitating green -vitriol with normal oxalate of potash. (Rammelsberg, 
Pogg. 46, 283; 53, 633; 6S, 276). — 4. When a solution of ferric oxalate 
in aqueous oxalic acid is exposed to the sun, carbonic acid is evolved, 
and ferrous oxalate precipitated. (Bobereiner, Schw. 62, 90.) Dobereiner 
calls this precipitate, lAchthumboldite. 

Prepared by (2) it is a yellow powder (A. Vogel); by (4): small 
lemon-yellow shining crystals. (Dobereiner.) 


2 FeO . 

3 HO . 

Native. 

72 .... 
72 .... 
27 .... 

42-11 

42-11 

15-78 

Rammelsb. Vauquelin. 

41-13 53-86 

42-40 

16-47 

CW08 + 3Aq 

171 .... 

100-00 

100-00 



Artificial. 

Rammelsb. (3). 


2 FeO 


72 .... 

40 38-98 


CW 


72 .. 

40 


4 HO 


36 .... 

20 


CTe-W + TAq .... 180 .... 100 

Dobereiner, at an earlier date than Rammelsberg, found also 4Aq. in his 

Liclitli o w bu Iditc. 
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The salt, when ignited in a retort after thorough drying, is for the 
most part resolved into water, carbonic acid, carbonic oxide, and a mixture 
of ferroso-ferric oxide with iron containing a small quantity of charcoal. 
According to Magnus {Pogg. 3, SS), the residue consists of metallic 
iron. The salt obtained by (4) gives off at first 21*6 per cent of water, 
then a mixture of 2 vol. carbonic oxide and 3 vol. carbonic acid gas, and 
leaves 39 per cent of a greyish black pyrophoric powder, consisting of 
ferrous oxide and carbide of iron, -which -when strongly ignited in a 
retort, gives off carbonic oxide, and is converted into a mixture of iron 
and ferrous oxide. ( Dobereiner, Schw, 62, 96. ) — Carbonic acid and 
carbonic oxide are evolved, and the residue consists of ferroso-ferric oxide, 
which dissolves in hydrochloric acid without evolution of hydrogen, in 
aqua-regia without leaving any carbonaceous residue, and does not 
diminish in weight by ignition in the air. (Bbttger, Beitrage, 2, 43.) — 
The salt (3) leaves 41*83 percent of residue, which, when ignited in the 
air, yields a quantity of ferric oxide amounting to 44*31 p.c. of the salt, 
and a quantity of carbonic acid corresponding to 0 33 per cent of carbon. 
But 100 pts. of the salt contain 31*11 iron; and deducting this quantity 
of iron and the 0*33 carbon from the 41*83 p.c. of residue, there 
remains 10*39 for the quantity of oxygen therein. — The residue, there- 
fore, neglecting the 0*33 p.c. carbon, is Berthier’s ferroso-ferric oxide 
Fe®0" (M, 190j: for, 10*39 (oxygen) : 31*11 (iron) = 7 . 8 : 167 (and 
6.28=168.) — Lastly, since 100 pts. of the salt contain 13*33 pts. 
carbon and 35*56 oxygen (besides that of the water), and 0*33 pt. of 
the carbon and 10*39 of the oxygen remain in the residue, it follows that 
13 pts. of carbon and 25*17 of oxygen have been evolved, doubtless as a 
mixture of about 5 vol. carbonic oxide and 4 vol. carbonic acid [or more 
exactly 10 *. 9]. Eammelsberg. 

An aqueous solution of carbonate of potash or soda abstracts the 
oxalic acid from the native salt; ammonia also produces this effect with 
peculiar facility (Rivero & Yauquelin); caustic potash and carbonate of 
potash decompose the artificial salt in a similar manner. (A. Yogel.) The 
salt boiled with aqueous phosphate of soda produces oxalate of soda and 
ferrous phosphate. — The native salt is insoluble in water (Rivero <& 
Yauquelin); the artificial salt is scarcely soluble in cold water, and 
dissolves very sparingly in boiling water. (A. Yogel.) It is insoluWe in 
oil of vitriol, but dissolves in warm dilute sulphuric acid, which again 
deposits the light yellow powder when evaporated. It dissolves in cold 
concentrated hydrochloric acid, is scarcely soluble in cohl aqueous oxalic 
acid, and dissolves but sparingly in the boiling acid. (A. Yogel.) 

5. Acid Salt 2 — Iron immersed for some time in aqueous oxalic acid, 
eliminates hydrogen, and forms a sweet, astringent liquid which deposits 
yellow-green acid prisms, efflorescing when heated, and easily soluble in 
water. (Bergman.) — This does not agree with the above statement by 
Yogel, respecting the slight solubility of the normal salt in oxalic acid. 
The discrepancy may perhaps be reconciled by BerthieFs observation, 
that an aqueous solution of acid ferric oxalate dissolves a large quantity 
of ferroiis-oxalate; so that Bergman’s crystals perhaps consist of ferroso- 
ferric oxalate, — a supposition agreeing, indeed, with Barreswils sugges- 
tion that the green oxalate of iron is a ferroso-ferric salt. 

Fei'rk Oxalate, a. Foj'mal. — Obtained by treating hydrated ferric 
oxide with oxalic acid not in excess (Bergman), or by treating a ferric 
salt with an alkaline oxalate not in excess, which slowly forms a preci- 
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pitate. (BucLolz/iV'. 2, 678.) — Lemon-yellow powder, nearly insoluble 
in water, and separating in the form of an ochre when boiled with water, 
h. Acid, — The salt a dissolves in aqueous oxalic acid. (Laugier.) 
The acid solution remains unaltered in the dark, even at 100°j but in 
solution, or more slowly in ordinary daylight, it turns greenish yellow, 
continually gives off carbonic acid, and deposits crystals of ferrous oxalate, 
till all the iron is converted into that salt, and the liquid is decolorized 
(Pobereiner, Schw. 62, 90): 

Ci2pe‘‘02‘i = 2(CWOS) + 4C02. 

The acid solution is capable of dissolving a large quantity of manganous 
or ferrous oxalate. (Berthier, Ami. Chim. Phys. 50, 89.) 

Ammonio-ferric Oxalate. — The green solution of hydrated ferric 
oxide in warm aqueous acid oxalate of ammonia yields, on cooling, small 
slightly rhombic octohedrons. The salt, when exposed to light, turns 
yellowish by formation of ferrous oxalate; this change is especially quick 
in the powder, the greenish white colour of which changes almost 
instantly to ochre-yellow in sunshine; the aqueous solution also, wdien 
exposed to sunshine, gives off carbonic acid, becomes decolorized, and 
deposits ferrous oxalate in the form of a yellow powder. The salt 
dissolves in IT pt. of water at 20°, and in 0*79 pt. of boiling water. 

Crystallized. Bussy. 

3 NH3 51 .... 13-64 

FeSQS 80 .... 21*38 21*00 

3 C-^06 216 .... 57*76 57*85 

3 HO 27 .... 7*22 

Ci-X3KHhFe"TO-‘^ 374 .... 100*00 

^ Calculation according to Bammelsberg, Bammelsberg. 


3NH-^0 73 .... 18-22 

Fe^O^ 80 .... 18*71 17*48 .... 18*10 

3 216 .... 50-46 

6 HO 54 .... 12*61 


CiX3NH-‘,Fe2)0-H6Aq... 428 .... 100*00 

Bussy’ s analysis and tbe corresponding calculation cannot refer to the crystallized 
salt, since they do not include the -water of crystallization. (Rammelsberg.; Y 

Poiassio-ferric Oxalate. — 1. Obtained by dissolving hydrated ferric 
oxide to saturation in solution of salt of sorrel, then filtering and cooling. 
(Wenzel, Yerwandtschaft, 318; Bussy, Graham.) It is the formation of 
this soluble salt which renders salt of sorrel useful in removing rust- 
spots. — 2. A mixture of aqueous sesquichloride of iron and normal 
oxalate of potash, deposits at first the yellow pulverulent ferric oxalate, 
afterwards the double salt. (Bucholz, iV. GeJd. 9, 679.) — Dark green 
rhomboidal crystals. (Wenzel.) Small, apple-green, fiat, four-sided 
prisms, with dihedral summits, and having a sweet, slightly ferruginous 
taste. (Bucholz.) Large, emerald-green crystals, having an astringent, 
somewhat sweetish taste (Bussy.) Apple-green laminse. (Graham.) 
The crystals are modified rhombic prisms belonging to the oblique 
prismatic system (Eammelsberg, Poyg. 93, 44.) — They effloresce in the 
air, and, whether in the free state, or in the state of aqueous solution, are 
decomposed by light in the same manner as the ammonia double salt. 
(Bussy.) They effloresce only in very dry air, becoming brown and 
opaque. (Graham.) At lOff", they give off 11-12 per cent of water 
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{Bussy); 10*56 p.c. (GraLam); and are partially decomposed at 160°, 
(GraLam.) The salt begins to decompose at 800°^ and is converted, with, 
evolution of carbonic acid, into a yellow powder, which appears to be a 
mixture of oxalate of potash and ferrous oxalate, inasmuch as it dissolves 
in water, at first, but soon afterwards deposits ferrous oxalate, while 
potassio-ferric oxalate remains in solution. (Bussy.) — The crystals dis- 
solve in 1 4*3 pts. of cold and 4 pts. of boiling water, forming a green 
solution (pale yellow-green, according to Bucholz) which reddens litmus 
(Bussy) : 

Crystallized. Bussy. Graham. Eammelsberg. 


3 KO 141*6 . . 28*80 .. . 28*62 .... 29*07 .... 27*97 .... 26*94 

80*0 .... 16*27 .... 16*00 .... 16*13 .... 16*06 .... 16*19 

3 216*0 .... 43*94 .... .. 43*74 

6 HO 54*0 .... 10*99 .... 11*12 *.... 10*56 


C^CTe-O-^ 491*6 .... 100*00 .... .... 99*50 


Mitcherlich {Fogg. 43, 126), mentions a similar double salt, in which 
however the oxygen of the ferric oxide amounts to three times that of 
the potash, and which, when ignited, leaves a compound of ferric oxide 
and potash free from carbonic acid. — The solution of ferric oxide in 
hyperacid oxalate of potash dries up by evaporation to a brown gum. 
(Croft, Fhil Mag. J. 21, 200.) 

Soclio-ferriG Oxalate. — The solution of hydrated ferric oxide in 
aqueous acid oxalate of soda, yields large, emerald-green crystals, which 
give of 12*2 p c. water at 300^. (Bussy.) The crystals belong to the 
oblique prismatic system, but are not isomorphous with the potash-salt; 
they are rhombic or rhomhoidal tables having their edges truncated and 
bevelled. (Rammelsberg.) They give ofi: 4 At. water at 100"^, retaining 
6 At. (Graham.) The dry salt decomposes at 300°, just like the 
potassio-ferric salt. (Bussy.) It dissolves in 2 pts. of water at 20°, and 
in 0*6 pt. of boiling water. (Bussy.) 


Calculation, according to Bussy. 

Bussy. 

3 KaO 

93*6 .. 

.. 21*10 .... 

.... 20*97 

Fe^QS 

80*0 .. 

.. 18*04 .... 

.... 17*33 

3 C-iOS 

216*0 ., 

.. 48*69 


OHO 

54*0 .. 

.. 12*17 .... 

.... 12*20 


C'^’Na3Fe=0-^+ 6Aq'.... 

443*6 . 

.. 100*00 


Calculation, according to Graham. 

Graham. 

3 NaO 

93*6 . 

... 19*52 

19-66 

Fe^oa 

80*0 . 

... 16*68 

16*56 

3 W 

216*0 . 

... 45*03 

45‘51 

10 HO 

90*0 . 

... 18*77 

18*27 

C'^Na3Fe=OSi + 10Aq 

479*6 . 

... 100*00 

100*00 

Calculation, according to Rammelsberg. 

Rammelsberg. 

3 NaO 

93*6 

... 19*87 

19*19 

Fe^OS 

80*0 

... 17*02 

17*12 

3 C^O® 

216*0 

... 45*90 

46*44 

9 HO 

81*0 

... 17*21 



C^2jsVFe202^ + 9Aq.... 470*6 .... 100*00 


Bargto-ferric Oxalate. — + 7Aq. and -j- 21 Aq. — Pre- 

pared by precipitating ammonio-ferrie oxalate with chloride of barinin, 
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and purifying tLe precipitate by crystallization from liot water. Greenish 
yellow needles haring a silky lustre. Both in the dry state and in their 
aqueous solution^ they are decomposed by sunshine; with erolution of 
carbonic acid. Ammonia; potash and soda abstract the acid from the 
ferric oxido; and separate that oxide together with oxalate of baryta. 
The crystals are scarcely soluble in cold water, but dissolre in 30 parts of 
boiling water. (Rees Reece.) 

Strontio-ferric Oxalate, — C^-Sr^Fe^O^^ ISAq. — Similar to the 
baryta-salt. (Reece.) 

Calcio-ferric Oxalate. — Similar in composition; but its amount of 
water cannot be ascertained, because it does not crystallize. In other 
respects it exhibits similar relations to the baryta-salt. In consequence 
of the formation of this somewhat soluble salt; lime is not precipitated 
by oxalic acid from its acid solutions which likewise contain ferric oxide, 
unless indeed the solution be highly concentrated, and even then the pre- 
cipitation is imperfect; to obtain complete precipitation, it is necessary to 
adopt the process recommended in the case of calcio-chromic oxalate 
(p. 142). (Reece.) 

Cobaltom Oxalate, a Basic. — Obtained by the action of jDotash on the 
normal salt diffused in water, which has been thoroughly freed from air by 
boiling and then cooled in a close vessel. The pj’oduct is a blue salt, which 
remains blue even when treated with a very large excess of potash, not 
being thereby deprived of the whole of its oxalic acid until it is heated; it 
is then rapidly converted into the red hydrated protoxide. By washing the 
precipitate with thoroughly boiled water out of contact of air, pressing it 
between paper, and drying in vacuo, the salt is obtained in the form of 
a bluish green powder which, when ignited in close vessels, gives off water 
and carbonic acid, and leaves a mixture of metal and protoxide. 
(Winckelblech, Ann. Fharm. 13, 158.) 


6 CoO 

225 , 

... 67*57 

Winckelblech. 

67*55 

CW 

72 . 

. 21*62 

22*08 

4 HO 

36 . 

. . 10*81 

10*37 

4CoO,CWOS+4Aq.... 

333 . 

... 100*00 

100*00 


h. JFormal. — Fonned by the action of cold aqueous oxalic acid on 
metallic cobalt (Bergman); precipitated on mixing other dissolved cobalt- 
salts with oxalic acid or oxalate of potash. ^It is best obtained by 
digesting carbonate of cobalt with excess of aqueous oxalic acid, which 
dissolves but little of the oxalate of cobalt, but removes any ferric oxide 
that may be present. (Langier.) Rose-coloured powder which does not 
redden litmus. — The air-dried salt is 000,0^0=^ -h 2Aq. (= C^Co^O®-}- 
4Aq.), and may be completely freed from water by carefully heating; but 
when further heated in the air, it takes fire and leaves cobaltic [cohaltoso- 
cobaltic] oxalate. The air-dried salt, when heated to redness out of 
contact of air, is resolved into 19'57 percent of water, 4T*57 carbonic 
acid, and 32*86 metallic cobalt. (Bubereiner, Scim. 28, 161.) — The salt 
is nearly insoluble in water and in aqueous oxalic acid; according to 
Ty'inckelblech, it requires 40,000 pts. of boiling aqueous oxalic acid to 
dissolve it. In aqueous ammonia it dissolves with tolerable facility, and 
still more readily in carbonate of ammonia. It likewise dissolves to a 
slight amount in hot aqueous sulphate, hydrochlorate, nitrate or succinate 



COBALTOUS OXALATE WITH AMMONIA. 


161 


of ammonia, imparting a liglit red colour to the liquid, aud separating out 
again on cooling. (Wittstein, ReperL 57, 35). 


2 CoO 

... 75 

.... 40*99 . 

Dbbereiner. 
41-77 .. 

Winckelblech. 
.. . 41-22 

C-'O® 

... 72 

... 39-34 . 


39-59 

4 HO 

... 35 

... 19-67 , 

19-57 ... 

19'62 

C-^Co-05-J-4Aq ... 

... 183 

.... 100-00 . 


100-43 


Cohaltoso-cohaltic Oxalate. — Aqueous oxalic acid placed in contact 
with hydrated sesqiiioxide of cobalt, yields a dark green solution of the 
cobaltoso-cobaltic salt, carbonic acid being at the same time evolved, and 
a small quantity of cobaltous oxalate separated out; the green solution 
evaporated under a bell-jar over oil of vitriol, yields dark green silky 
needles, which easily redissolve in water with the colour of aqueous 
manganate of potash. The solution slowly decomposes, even below 50°, 
into carbonic acid and cobaltous oxalate; and if it be exposed to light, 
the same decomposition takes place in a few months at ordinary tempera- 
tures, the cobaltous salt then separating in small crystals. Sulphuretted 
hydrogen exerts but a slow decomposing action on the green solution. 
Potash added to the solution forms a b^rown precipitate; carbonate of 
potash, a green precipitate which turns brown in the air, probably giving 
off carbonic acid at the same time. Ammonia forms a brown precipitate, 
but only with strong solutions. The carbonates of baryta and lime do 
not decompose the salt, but merely remove the excess of oxalic acid. 
Hydrochlorate or nitrate of lime forms no precipitate. Cyanide of 
potassium forms a white precipitate, probably consisting of a correspond- 
ing cyanide. Ferrocyanide of potassium gradually produces, ’especially 
in the acid solution, a blue precipitate resembling Prussian blue. 

Anhydrous. 

CoW 120-5 ........ 45-56 

2 144-0 54-44 

C^CoWS 264-5 100-00 

5=CoO,C-0^ + Co-0^,3C-0^, seeing that, on boiling the solution, cobaltous oxalate is 
formed, and ^ of the carbon contained in the oxalic acid escapes in the form of 
caibonic acid. (Winckelblecb). 

Cobaltous Oxalate wilJi Ammonia. — Cobaltous oxalate dissolves with 
red colour in aqueous ammonia, sparingly in a dilute, more copiously in a 
strong solution, more quickly when heated; and yields when ev’aporated 
in an open vessel, red laminm, needles and nodules, which dissolve readily 
in cold, more readily in hot water, and leave cobaltic [cobaltoso-cobaltic] 
oxide w-lien ignited in the air. (Laugier). — Cobaltous oxalate shaken up 
with warm aqueous ammonia in a stoppered bottle, dissolves completely in 
SO times its quantity of that liquid. If the air has access to the liquid, 
and the process is not very quickly performed, part of the cobalt separates 
in a more highly oxidized state as a dingy violet powder, w’hich does not 
dissolve even in a large quantity of boiling aqueous ammonia, but merely 
gives up oxalic acid to it, becomes continually browner, and after wash- 
ing, gives off chlorine with hydrochloric acid and ammonia with potash. 
(Winckelblech). — The ammoniacal solution forms a blue precipitate with 
potash; when evaporated in the air, it deposits bright red crystalline 
crusts, which dissolve in water, though with separation of a large quantity 
of brown cobaltic oxide, forming a liquid which yields with potash a pre- 
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cipitate of an impure blue colour, and therefore not containing pure 
cobaltous oxide (Winckelblecli, A9in. Pharm. 13, 273), 

Cobaltous oxalate, before dissolving in ammonia, takes up a portion 
of that substance, and acquires a deep red colour, but when separated 
from the liquid bj filtration, and then dried, gives off ammonia, recovers 
its light red colour, and is then found to contain the same quantity of 
water that it did before being treated with ammonia (Winckelblech). 

Ammonio-cobaltous Oxalate. — Cobaltous oxalate dissolves in aqueous 
normal oxalate of ammonia, slowly in the cold, but quickly when heated, 
and forms a carmine-coloured solution, which deposits nothing on cooling, 
hut when left to evaporate spontaneously yields small pale-red crystals. 
These crystals, as well as the mother-liquor, are neutral, effloresce 
on the surface, and turn white on exposure to the air, and when ignited 
in a close vessel, melt, turn blue, and yield 4*01 per cent of metallic 
cobalt in laminsB, having a steel-like lustre. This salt is but sparingly 
soluble in cold water, but dissolves in all proportions in boiling water. 
1 part of the salt imparts to 50 parts of water a deeper red colour than 
the salt itself possesses. Since the crystals contain 4*98 per cent of 
cobaltous oxalate and 47*20 of hypothetical anhydrous oxalic acid, their 
formula is probably 9(NH3,CW) d- CoO,C^q' -i- 24 Aq. (Winckelblech). 

The solution of this salt becomes decolorized in a few minutes on the 
addition of ammonia, and deposits nearly all the cohalt as a light brown 
powder. This basic double salt yields by ignition, ammonia and 27*36 
per cent of pulverulent metal; heated with potash, it gives off ammonia, 
with separation of blue protoxide; it is insoluble in water and dissolves 
but partially in ammonia. Contains 34*71 per cent of protoxide of 
cobalt, and 32*99 p.c. hypothetical anhydrous oxalic acid; its formula is 
probably therefore: 3NH^, 6CoO, 6C^O^ d- ISAq. (Winckelblech). [= 
2CoO, 20^0^ + 6Aq. = C^Co^O^ d- 6Aq]. 

Cdhaltic Oxalate with Ammonia. — A solution of cobaltous oxalate in 
strong ammonia, set aside in vessels containing air or oxygen, and pro- 
tected from carbonic acid, gradually deposits large, shining, many-faced 
grannies of a hyacinth-red colour. They may be purified by dissolving 
them in a hot aqueous solution of carbonate of ammonia, then filtering 
and cooling. They give off 1*17 per cent at 100^; when more strongly 
heated, they decrepitate slightly, and gite off ammonia, turning violet and 
afterwards black; and when heated to redness in a close vessel, give off 
steel-grey cobalt, having the form of the crystalline fragments, but very 
much shrunk. — When boiled with potash, they give off ammonia, with 
separation of the brown hydrated sesquioxide. They are scarcely soluble 
in water or aqueous ammonia, but dissolve with tolerable facility in hot 
carbonate of ammonia (Gm.). 


Air -dried crystals. Gm. 


12NH5 

. 204 

.... 31-87 

.... 30-3G to 31-83 

12 C 

. 72 

.... 11-25 

.... 10 70 „ 10-34 

4 Co 

. 118 

.... 18-44 .... 

.... 18-05 „ 18-74 

24 O 

. 192 

.... 30-00 


6 Aq 

. 54 

.... 8-44 


12NH=' + C'=Co‘'0-^-t-6A(j ... 

. 040 

.... 300-00 



loo pts. of the salt burnt with oxide of copper (with copper filings at the open end 
of the tube) yield 30*21 to 39*75 pts. of carbonic acid and 58-23 to 59*83 of water; 
-calculation gives 59’06. Hence the salt is not an oxycobaitate of ammonia as the 
aiathor at first imagined. 
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.Ammoiiio-cohaltosO'Cobaltic Oxalate. — Obtained by mixing the green 
solution of cobaltoso-cobaltic oxalate with normal oxalate of ammonia, 
and evaporating in vacuo. Very small green crystals dissolving very 
easily in water (Winckel blech). 

Cobaltous oxalate dissolves pretty freely in aqueous earhonate of 
ammonia. The carmine-coloured solution does not yield any deposit 
when exposed to the air. 

Basic jPotassio-cohaltons Oxalate. — When cobaltous oxalate is dis- 
solved in a boiling solution of normal oxalate of potash, this salt sepa- 
rates on cooling in rose-coloured rhombic crystals. It is also formed 
when a solution of potassio-cobaltosocobaltic oxalate is left to evaporate 
for a long time over oil of vitriol. The crystals, when ignited, become 
blue for a while and leave cobalt mixed with carbonate of potash. They 
are insoluble in water (Winckelblech, Ann. Fhanmi. 13, 166). 

Potassio-cohaliosocohaUic Oxalate. — Obtained by mixing the green 
solution of cobaltosocobaltic oxalate with normal oxalate of potash, and 
quickly evaporating in vacuo over oil of vitriol. Very small green 
crystals, dissolving with great facility in water. When kept for a long 
time in vacuo, they are resolved iuto carbonic acid gas and the preceding 
salt ( W inckelblech). 

Oxalate of XiclceL — The aqueous acid does not attack the metal, 
but combines with the hydrate and carbonate when heated ; it preci- 
pitates the protoxide of nickel from all its simple salts so completely, 
that only a small quantity of nickel-oxalate remains dissolved in the 
liberated acid ; but the double salts are not completely decomposed by it. 
Normal oxalate of ammonia, potash, or soda does not precipitate nickel- 
salts (Tiippiiti). With oxalate of potash a precipitate is formed after a 
while, its formation failing only when the potash-salt is in excess (Gm.). 
— Greenish white flocks, tasteless at first, but afterwards exhibiting a 
slight metallic taste (Tupputi). The dry salt heated in closed vessels 
yields 19*43 per cent of water, 45*86 carbonic acid, and 32*14 metallic 
nickel: hence it is NiO,C“0^-f2Aq[=C'^NrO®-f4Aq]. The salt heated 
in contact with air, first gives off water, then takes fire, and leaves a 
black residue of oxide (Dobereiner, Schw. 26, 384; 28, 160). — It is 
insoluble in water and very sparingly soluble in aqueous oxalic acid, but 
dissolves with tolerable facility in the stronger mineral acids (Tupputi, 
Ann. Ohim. 78, 162). Dissolves readily in caustic ammonia and car- 
bonate of ammonia, and incompletely in sulphate, hydrochlorate, nitrate, 
and succinate of ammonia (Wittstein, Eepert. 57, 36). 

Oxalaie of Nickel icitk Ammonia. — 1 . Tbe violet-blue solution of 
nickel-oxalate in aqueous ammonia, gradually loses its colour, and gives 
off ammonia when exposed to the air, depositing pale bluish green crusts 
composed of delicate needles united in tufts (Laugier). — 2. The aqueous 
solution of ammonio-nickel oxalate {vid. inf.) mixed with a small quantity 
of ammonia, deposits the same salt in the form of a very pale green 
precipitate, which becomes still paler when dry (W^inckelbiecii). The 
salt when ignited in a closed vessel, leaves nickel containing charcoal; 
it is insoluble in water, but dissolves in ammonia (Laugier). With 
potash it evolves ammonia (Winckelblech, Ann. Fharm. 13, 278). 

M 2 
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ethylene: oxygen-nucleus C^H^Os. 


Wiuckelblecli, 


KH3 

17 .. 

7 80 ... 

Prep. 1. 
7*55 

Prep. 2. 
.... 7-51 

2 NiO 

75 .. 

34‘40 ... 

32*88 

.... 32*52 



72 

... 33*03 .. 

31*71 

.... 31*91 

6 HO 

54 . 

... 24*77 ... 

27*72 

.... 27*57 

NH3 + C^Ni-OS + 6Aq 

218 . 

... 100*00 .. 

99-56 

.. . 99*51 


Winckelblecli trebles the formula, making it: 3NH^2C-02 + 2(3Ni0,2C20^) 
+ 18Aq. 

Ammonio ‘nickel Oxalate. — Aqueous normal oxalate of ammonia 
dissolves oxalate of nickel, and the solution yields green prisms by 
evaporation (Tupputi). The salt which separates from the pale green 
solution has a still paler green colour, is acted upon by heat and by water 
like the corresponding cobalt-salt, and appears to have the same com- 
position, inasmuch as it contains 4'7 6 per cent of nickel-oxide. The 
aqueous solution mixed with a small quantity of ammonia yields a very 
pale green precipitate of the preceding compound, which redissolves in 
excess of the ammonia (Winckelblech). 

Fotassio-nickel Oxalate. — The solution of nickel-oxalate in boiling 
normal oxalate of potash, yields green prisms when evaporated (Tup- 
puti); according to Winckelblech, it yields a light-green neutral double 
salt insoluble in water. 

Cu'prous Oxalate. — Oxalic acid added to a solution of cuprous chloride 
in hydrochloric acid, throrv'S down this salt, white at first, but changing 
after a while to blue green (H. Rose, Anal. Oheni). Oxalate of potash 
also precipitates the salt in the form of a white powder, which dissolves 
readily in ammonia and carbonate of ammonia, and incompletely in 
sulphate, hydrochlorate, nitrate and succinate of ammonia (Wittstein, 
Bepert. 57, 38). 

Cxi'pric Oxalate.. — The aqueous acid exposed to the air in contact 
with the metal, slowly forms cupric oxalate as a pale blue powder. (Berg- 
man.) From an aqueous solution of cupric sulphate, it throws down half 
the copper in the form of oxalate (Thomson). According to A. Vogel 
{J. pr. Gheiii. 6, 342,) it throws down the whole; for the liquid decanted 
from the precipitate and evaporated to a syrup, deposits a small additional 
quantity of cupric oxalate, and afterwards behaves like oil of vitriol free 
from copper. — Normal alkaline oxalates added, not in excess, to cupric 
salts, also form a precipitate of cupric oxalate. According to Hausmann 
& Lowenthal, it throws down nearly all the copper. — Light greenish 
blue powder. — The salt, when thoroughly dried and then ignited in the 
air, leaves 50 per cent of cupric oxide (F. C. Vogel). It may he com- 
pletely dehydrated by careful heating, and is then entirely resolved at a 
higher temperature into carbonic acid and metallic copper (Dobereiner). 
It does not give off all its water at lOff", and consequently when more 
strongly heated, yields water as well as carbonic acid and metal (Dulong). 
Decomposition takes place even at a gentle heat, and the residual, per- 
fectly metallic copper, assumes the form of red, shining, malleable laminm, 
which are several millimetres thick, although they have been produced 
from a pulverulent, non-fusing salt (Pelouze, Ann. Ckim. Fhjs., 49, 112). 
— The salt is neither dissolved nor decomposed by warm nitric acid. 
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(Dujardin, J, pr, Chem, 15, 809.) In oil of vitriol it remains blue. 
(A. Vogel.) A cold solution of carbonate of potash gives it an azure- 
blue colour; a boiling solution of that salt turns it black (A Vogel). 
With potassium it behaves like oxalate of lead (Serullas) . — It is 
insoluble in water, and nearly insoluble in boiling aqueous oxalic acid, 
but dissolves in warm concentrated hydrochloric acid, forming a yellow 
solution (A. Vogel). It dissolves, with Hue colour, in ammonia and 
carbonate of ammonia, and with blue-green colour in succinate of ammo- 
nia, — likewise, though imperfectly, in sulphate, hydrochlorate, and 
nitrate of ammonia (Wittstein). It is insoluble in hydrochlorate and 
nitrate of ammonia (Brett). It dissolves in the aqueous solution of 
normal oxalate of ammonia, potash and soda (F. C. Vogel). 


Dried at 100°. 

Hausmann & Lowentlial, 

2 CuO 

.... 80 .. 

.. 47*08 .... 

47*77 

C-iOS 

.... 72 .. 

.. 42*35 .... 

41*74 

2 HO 

.... 18 .. 

.. 10*59 ... 

10*49 

C‘CtfOS + 2Aq 

.... 170 .. 

.. 100*00 ... 

.. . 100 00 


Cupric Oxalate with Ammonia. — a. With 2 At. Ammonia . — When 
a solution of cupric oxalate in aqueous ammonia is evaporated, this salt 
separates in short, flat, six-sided prisms of a dark sky-blue colour. 
Effloresces, giving off 15 per cent of water and ammonia; suffers the 
same loss of weight at iOO®; at higher temperatures it takes fire and 
explodes (F. C. Vogel). 


2NH3 

... 34 .. 

16*67 

F. C. Vogel. 

2 CuO 

.. 80 

... 39*22 .. 

39*00 

cw 

.. 72 . 

... 35*29 

36*00 

2 HO 

.. 18 . 

... 8*82 


2NH3,C-*CuW + 2Aq .. 

.. 204 . 

... 100*00 



5. With 1 At. Ammonia. — Cupric oxalate introduced into aqueous 
ammonia in larger quantity than the ammonia can dissolve, yields, not 
only the salt a in solution, but also the salt 5 in the form of an azure- 
coloured, sandy pow'der, which gives off ammonia above 100^, and burns 
at a stronger heat, with flame and detonation (F. C. Vogel). 

Crystallized. F. C. Vogel. 

KH3 17 .... 10*06 

2CaO 80 .... 47*34 45*58 

C^Qs 72 .... 42*60 43*00 

KH3,CW03 169 .... 100*00 

Vogel supposes it to contain ^ At. Aq. more. 

Ammonio-cnpric Oxalate. — Obtained by dissolving cupric oxalate in 
normal oxalate of ammonia, or cupric oxide in acid oxalate of ammonia. 

Small rhombic laminae, of a dark sky-blue colour and permanent in 
the air. 



Crystallized. 

17 .. 

10*90 

F. C. Vogel. 

Graham. 

CuO .... 


.. 25*64 

25*0 

.. 25*27 

C^O® .. 
3 HO 

72 .. 

27 .. 

.. 46*15 , 

.. 17*.31 




C^(NH^,Cn)OS + 2Aq 156 .... 100*00 
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Permauent in tlie air belo’^v 100°; gives off 12 per cent of water 
above 100°, (11 '46 p.o. = 2 At. according to Graham), but recovers it 
on exposure to the air; at a higher temperature, it gives off ammonia, 
becoming first brown, then copper-coloured, but retaining its crys- 
talline form; if the air be then allowed to have access to it, vivid, 
lightning-like detonation takes place, and the copper appears to be 
oxidized. — The salt dissolves without decomposition in aqueous normal 
oxalate of ammonia, sparingly and wdtb partial decomposition in water, 
cupric oxalate remaining undissolved and the excess of oxalate of ammo- 
nia being taken up by the water (F. C. Vogel). — When drops of 
the aqueous solution are placed upon bright metallic iron, several of 
them remain unaltered, while others instantly copper the iron; but the 
deposited copper becomes oxidated after a while by the action of the 
air, and redissolves, taking up oxalic acid and setting free ammonia, which 
prevents the coppering. If a number of rods of iron contained in sepa- 
rate glasses be immersed in the solution, some of them become coppered 
at tlie ordinary temperature, others only on the application of heat. The 
coppering of iron by this solution, when not exposed to the air, is very 
bright, dense, and permanent, and is therefore worthy of special recom- 
mendation (Wetzlar, Schio. 50, 03). 

Potassio-cupnc Oxalate. — Obtained in blue needles by Wenzel. — Produced 
by dissolving cupric carbonate in aqueous salt of sorrel, or cupric oxalate 
in normal oxalate of potash, or by mixing cupric sulphate with excess of 
normal oxalate of potash. The blue solution yields ou cooling, first, 
greenish blue rbombohedrons permanent in the air, then blue, needle- 
shaped, six-sided, often flat prisms, bevelled with two faces resting on the 
broader lateral faces [perhaps as in Fig. 55], and quickly efflorescing to 
a light blue mass (F. C. Vogel). 


Rhoinhohedtoiis. 


F. C. Vogel. 

KO 

. 47-2 ... 

. 26-64 .. 

26-08 

CuO 

. 40-0 ... 

22-57 .. 

22-50 

cw 

. 72*0 ... 

40-63 .. 

41-42 

2 HO 

. 18*0 ... 

10-16 .. 

10-00 

C<KCuOH2A.<i... 

. 177-2 ... 

.. 100-00 .. 

100-00 

Needles. 


F. C. Vogel. 

KO 

... 47-2 . 

.... 24-18 

24-2 

CuO 

... 40-0 , 

.... 20-49 

20-5 



... 72 0 , 

.... 36-84 

37*3 

4 HO 

... 36-0 , 

.... 18-49 

18-0 

' C-'KCu08 + 4Aq . 

... 195-2 , 

.... 100-00 

100-0 


Both kinds of crystals give off their water when heated; turn brown 
at a higher temperature, but vrithout fusion; and leave carbonate of 
potash, together with cupric oxide or metallic copper, according as the 
air has access to them or not. To alcohol they give up, without dissolv- 
ing, a portion of their water of crystallization. They dissolve sparingly 
in cold water, and in about 6 pts. of boiling water, leaving a residue of 
cupric oxalate, because the salt is soluble only in water previously con- 
taining normal oxalate of potash (F. C. Vogel). 

Sodio-ctipric Oxalate . — When oxalate of potash and soda is mixed 
with cupric sulphate, potassio-cupric oxalate in its two forms separates 
out first, and then this salt; the latter is also obtained by dissolving 
cupric oxalate in oxalate of soda, — Four-sided, often flat needles, of a 
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dark sky-blue colour, permanent in tbe air; wben exposed to light, they 
first turn green, then black-brown, but without loss of weight, — When 
heated, the salt first gives off all its water, assumes a pale blue colour, and 
then decomposes, leaving a residue of carbonate of soda and metallic or 
oxidized copper. Dissolves sparingly in water, with separation of cupric 
oxaiatej but aqueous oxalate of soda dissolves it without decomposition. 



Crystallized. 

4* 

F. C. Yogel. 

NaO...., 


.... 19-35 . 

19 02 

CuO 

40*0 

.... 24*81 . 

23*50 

. 

72-0 

.... 44*67 . 

....... 46*48 

2 HO .. .. 

18*0 

.... 11*17 . 

11*00 


C^NaCuOS-i-2Aq 161-2 .... 100-00 100*00 


Mercurom Oxalate. — Oxalic acid and oxalate of potash precipitate 
mercurous nitrate and sulphate. (Bergman). The salt is likewise 
obtained by mixing 1 pt. of mercurous oxide with 3 pts. oxalic acid and 
2 pts. water, setting the mixture aside in a tolerably warm situation, 
and triturating it frequently; then diluting and washing with -water. 
(Harff, W. £r. Arch. 5, 264). — White, loosely coherent powder, (Berg- 
man), having a metallic taste (Harff). Blackens by exposure to light 
(Bergman) only while moist (Harff); the colour first changes to dirty 
yellow, then to dark brown (Burckbardt, AT. Br. Arch. 11, 250). — It 
detonates slightly wben suddenly heated (Klaproth), or when struck 
(Dulong). When suddenly heated in a glass tube, it detonates; when 
gradually heated, it merely decomposes with a hissing noise, especially 
if it has previously been rubbed to fine powder; if it be very gently 
heated, somewhat above 105% it decomposes slowly and quietly but com- 
pletely (Burckbardt). — The salt, when left for some time in contact 
with a large quantity of cold water, assumes a dirty yellow colour, which 
becomes blackish on boiling, and the filtrate contains a mixture of unde- 
composed mercurous salt with mercuric salt (H. Rose, Fogg. 53, 126). 
By long boiling with water, a basic and an acid salt are formed, tbe 
latter dissolving in the water (Harff). When heated with oil of vitriol, 
it gives off sulphurous and carbonic acid [and carbonic oxide '?], and is 
converted, without blackening, into mercuric sulphate. It is blackened 
by ammonia, potash, and carbonate of ammonia (Harff, Burckbardt, 
Wittstein, Eepert. 57, 43). 

This salt is scarcely soluble in cold water, requiring according to 
Harft', 1000 pts. of water to dissolve it; according to Burckbardt, it is 
likewise insoluble, even in boiling water. Dissolves slighdy in warm 
concentrated nitric and sulphuric acid, and separates out completely from 
both Oil cooling, or on the addition of w^ater (Burckhardi). Dissolves 
somewhat more freely in aqueous oxalic acid than in water (Harfi'); 
according to Burckbardt, it is insoluble both in this acid and in dilute 
sulphuric and nitric acid, also in alcohol and ether. 

At 100®. Burckiiardt. Harff. 

2Hg20 416 .... 82-21 81*6 83*73 

72 .... 14-23 

2 HO 18 .... 3-56 

aHg^OS-f2Aq .... 506 .... 100*00 

Mercuric Oxalate. — Produced by digesting mercuric oxide with con- 
centrated oxalic acid (Burckbardt), and by precipitating mercuricj 
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acetate (Berzelius), or nitrate (Harff, Burokhardt), with oxalic acid, 
salt of sorrel, or normal oxalate of potash. Soft white powder, having 
a metallic taste (Harff, Burckhardt). Turns brown on exposure to light, 
hut not so quickly as the mercurous salt (Burckhardt). Decomposes 
with a hissing noise when heated (Howard), being thereby resolved into 
mercury and carbonic acid; does not detonate by percussion (Burck- 
haidt). Exhibits fiery decomposition when heated with potassium. 
With hot oil of vitriol it forms carbonic oxide, carbonic acid, and mercuric 
sulphate (Burckhardt). By continued boiling with water, it is resolved 
into a basic salt and an acid salt which dissolves. When immersed in 
ammonia, a portion of which it takes up, it remains white; but by 
immersion in potash, it is converted into yellow mercuric oxide (Harff). 
— It is perfectly insoluble in water and in aqueous oxalic acid (Burck- 
hardt); insoluble in cold water, but slightly soluble in water containing 
oxalic acid (Harff). It dissolves with tolerable facility and without 
decomposition, in strong nitric acid, very sparingly in hot dilute nitric 
and sulphuric acid (Burckhardt). Dissolves sparingly in cold oil of 
vitriol, scarcely at all in alcohol, but is soluble in 416 pts. of ether 
(Burckhardt); perfectly insoluble in alcohol and ether (Burckhardt). 
Dissolves in aqueous hydrochlorate and nitrate of ammonia (Brett). 



Dried at lOO*^. 


Burckhardt. 

Harff. 

2 HgO.... 


.. 70*59 

09 

, 72-13 


72 .. 

.. 23*53 



2 HO .... 

18 .. 

.. 5*88 




C^Hg20S + 2Aq 306 .... 100*00 

Basic Ammonio-mercurous Oxalate ‘I — By diffusing finely pounded 
mercurous oxalate in a bottle, and adding dilute ammonia, not in too 
great quantity, a black, tasteless powder is obtained, which must he 
washed and dried in the shade. It contains 90*18 p. c. of mercurous 
oxide. Moreover, when nibbed on the hand with water, it exhibits 
globules of mercury, and dissolves in acetic acid, leaving metallic mer- 
cury. When heated in a tube, it yields mercury, ammonia, and oxygen 
gas [not rather carbonic acid and water ?]. Dissolves partially in nitric 
acid, forming ammonio-mercuric nitrate; yields calomel with hydrochloric 
acid; and gives off ammonia with potash. It is soluble in water, alcohol, 
and ether (Harff, N, Br, Arch 5, 266). 

Ammonio-mercuric Oxalate 1 — a. Basic 2 Prepared in the same 
manner from mercurous oxalate. Loose, white powder, having a metallic 
taste. Contains 82*98 p. c. mercuric oxide. Turns yellow when heated 
in a glass tube, or boiled continuously with water, or moistened with a 
small quantity of oil of vitriol. Similarly with potash, giving off am- 
monia at the same time. Dissolves readily in strong hydrochloric acid, 
forming a solution which gives a white precipitate with potash. Dissolves 
sparingly in cold, more freely in hot nitric acid, in 416 pts. of cold 
water, and in 476 pts. of alcohol, but is insoluble in ether (Harff). 

5. Normal? — When mercuric oxalate (or mercurous oxalate, in 
which case metallic mercury separates out), is digested with aqueous 
ammonia; or better, when mercuric oxalate is digested with aqueous 
normal oxalate of ammonia, and one of these liquids is left to evaporate 
slowly after being filtered, white shining laniime are obtained, having a 
metallic taste, and quickly turning yellow on exposure to liglit. They 
melt when heated; give off ammoniacal fumes; and are finally resolved, 
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atL strong detonation^ into mercury and carbonic acid. Witli potasli 
hey evolve ammonia, and yield mercuric oxide. They dissolve in water 
dth partial decomposition, mercuric oxalate remaining nndissolyed 
Burckliardt, iV. Br, Arch. 11, 256). 

JBotaBBio-mercurovM Oxalate ? — An aqueous solution of salt of sorrel 
aturated with mercurous oxide yields rhombic prisms (Wenzel). When 
lercurous oxide is digested for 24 hours with an equal weight of salt of 
orrel and with water, the mixture being frequently shaken, the filtrate, 
rhen repeatedly evaporated and cooled, yields nothing but crystals of 
alt of sorrel; but the last mother-liquor yields a small quantity of white, 
letallic flavoured prisms, which must be washed and recrystallized, 
^hey are resolved by heat into sublimed mercury and a residue of car- 
onate of potash. They are blackened by potash or ammonia. Dissolve 
radually in warm nitric or sulphuric acid. Dissolve readily in water, 
ut are insoluble in alcohol and ether: hydrochloric acid added to the 
queous solution throws down calomel (Hariff). — According to Burck- 
ardt, this salt cannot be formed, inasmuch as neither mercurous oxide 
or mercurous oxalate dissolves in salt of sorrel, or in normal oxalate of 
lotash. Neither, according to the same authority, does mercuric oxalate 
orm a double salt with potash. 

Oxalate of Silver'. — Oxalic acid added to nitrate or sulphate of silver, 
hrow’s down a white powder, which does not redden litmus, but turns 
irown on exposure to light. (Bergman.) It detonates slightly when 
orcibly struck; even after being dried as completely as possible, it yields 
rater when heated, as well as silver and carbonic acid (Dulong). The 
[uantity of water thus retained is 2 p.c. = ^ At. (Hausmann & L5wen« 
hal). The salt is decomposed by heat, with a hissing noise, becoming 
t the same time strongly electrical (Dobereiner, L 340). — Heated to 
00^ in a current of hydrogen gas, it assumes a light brownish-yellow 
oloiir, perhaps by partial conversion into oxalate of snboxide of silver; 
t 140^ it turns brown, and then immediately detonates with violence. 
Wohler, Ann. PJiann. 30, 4.) When immersed in water, it is not 
iecomposed by heat, but partially by exposure to sunshine, into carbonic 
.cid and silver. Dobereiner, Sckio. 62, 95.) — The salt is scarcely 
oluble in water, but dissolves in nitric acid. (Bergman.) It dissolves 
n aqueous caustic ammonia and carbonate of ammonia, and when heated 
vith solution of sal-ammoniac (Brett), or sulphate or nitrate of ammonia 
Wittstein), it forms a clear solution which becomes turbid as it cools. 

AnJiydrous. Hausmann & Lon'entlial. 

2 kgO 232 .... 76*31 76*83 

72 .... 23*69 23*17 

304 .... 100*00 100-00 

The 2 p.c. water not driven off by heat is regarded as not essential to the constitu- 
ion of the salt (Hausmann & Ldwenthai). 

Potasdo-silver Oxalate. — The solution of silver-oxide in aqueous salt 
>f sorrel yields easily soluble rhomboidal crystals, which are permanent 
n the air (Wenzel). 

Ar'^ento-ch'omic Oxalate. — 3(AgO,C-0^) -f Cr“0^,3C-0®+ 9Aq. [= 
Ag®CrO-^4-9Aq]. — A mixture of the solutions of nitrate of silver and 
3lue potasaio-chromic oxalate gradually deposits dark blue shining needles, 
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•wliicli are obtained in a state of greater purity by solution in ot water 
and cooling. They contain 11-15 per cent, of water, part of which they 
give up on exposure to the air, assuming a greyish colour; at 120° they 
still retain 1 At. water. At a higher temperature, they burn with slight 
explosion, but without projection. They dissolve with blue colour 
in more than 65 pts of water at 15°, and in 9 pts. of boiling water 
(Berlin), 

Oxalate of Gold appears to be incapable of existing (p. 119). — The following 
additional facts are stated by Hensmans {Repertob'e de Chemie, 1, 312): Chloride of 
gold mixed with aqueous salt of sorrel is not reduced, even by heat; the yellow mixture 
loses its colour as it cools, and deposits a large number of yellow needles, which dissolve 
readilv in water, forming a solution which gives off carbonic acid when heated, and 
forms a yellow precipitate. 


Flatinoiis Oxalate, — Warm aqueous oxalic acid dissolves platinate of 
soda, giving off carbonic acid, and forming a dark liquid, which, as it 
cools, first becomes green, then dark blue, and afterwards deposits small 
dark, copper-coloured needles of platinous* oxalate, which explode when 
heated, without appearance of fire, and yield water and carbonic acid. 
The pale blue mother-liquor becomes yellow when diluted with water, 
and dark blue again when evaporated (Dobereiner, Pogg. 28, 182). 

Plaiinic Oxalate, — The precipitate formed by soda in a solution of 
bichloride of platinum dissolves with yellow colour in oxalic acid, and 
yields yellow crystals (Bergman). 

AmmoniO'Chloroplatmoiis Oxalate , — Ammonio -oxalate of Oxychloride of 
Platumm, — Oxalic acid added, either in the free state or in combination 
with an alkali, to an aqueous solution of ammonio- sulphate or nitrate of 
oxychloride of platinum (VI, 310, 311), throws down a white granular 
salt insoluble in water, and reconverted into the sulphate or nitrate by 
an excess of sulphuric or nitric acid (Gros, Ami^ Pharm. 27, 252). 



^ According to Gerhardt^s formulae, this salt is the Bichlorhydroxalate of 
Diplaiinamine = 2C1H j pt-. 


Ammonio-oxgplatmous Oxalate. — When oxalate of ammonia is 
added to a solution of neutral nitrate of platinamino (ammonio-nitrate of 
platinic ox'ide, VI, 311, 315), a light yellow crystalline precipitate is 
formed, which when redissolved in boiling water, yields lamina of the 
same colour (Gerhardt, Oompt, rend. imv. Qliirti, 1850, 283). 


2N 

28 

7*53 

Gerhardt. 
7-93 

lOH 

10 

.... 2*69 

2*92 

2 Pt 

198 

.... 53'22 

53*16 

4 C 

21 

. . 645 

6-19 

14 0 

112 

... 30*11 

29*80 

2AH3+C’(PtO):OS + 4Aq .. 

372 

.... 100-00 

100-00 


This is Gerhardt’s Neutral Oxalate o/'P^a^f;?a»2me=C^H-0’^,2NHpt^ -F 3Aq, f 
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Fallaiioiis Oxalate. — Alkaline oxalates form a light yello’w precipi- 
tate with palladious nitrate (Berzelius). 

Ammo7iiO'palladious Oxalate. — 1. Produced hj mixing the colour- 
less ammoniacal solution of any palladious salt with oxalic acid. — 2. By 
dissolving recently precipitated hydrate or carbonate of palladious oxide 
in acid oxalate of ammonia. — The double salt crystallizes, with 2 At. 
water of crystallization, in short rhombic prisms of a fine bronze-yellow 
colour, which give ofi* 11*57 per cent of w'ater when heated; and with 
8 At. water, in long needles of the same colour, which give off 30 per 
cent of wrnter when heated. — Both salts, when burnt with oxide of 
copper, yield exactly 4 vol. carbonic acid to 1 vol. nitrogen (Kane, FMl. 
Trans. 1842, 297). 

Prisms. Kane. 


NH3 

Pd 

0 

cw 

3 HO 

17-0 . 

53-3 . 

8-0 . 

72-0 . 

27*0 . 

.. 9*59 

.. 30 06 .... 
.. 4-31 

.. 40*61 
.. 15 23 

.... 30*20 

C-‘(NH^Pd)03 

4-2Aq... 177*3 . 

... 100*00 



Keedhs. 


Kane. 

Nff 

17*0 

7*35 


Pd 

53*3 

23*04 .... 

23*13 

0 

8-0 

3*46 


C*^OS 

72*0 

.31*13 


9 HO 

81-0 

35*02 



CXNHbPd)03 -f SAq ... 231*S .... 100-00 

Oxalate of Urea. — Precipitated in the crystalline form, on mixing 
the concentrated ac^ueous solutions of oxalic acid and urea (Prout). 
For the preparation, vid. VIL 372. 

Long thin laminse having a very pure acid taste (Berzelius). Large 
rectangular tables (Morin). 

The compound when heated melts, boils, and splits up, like its con- 
stituents, into carbonate of ammonia and cyanuric acid on the one hand, 
and carbonic oxide and carbonic acid ou the other. Tf it is contaminated 
with oxalate of potash, it gives oft' a small quantity of hydrocyanate of 
ammonia, and leaves charcoal mixed with [carbonate of?] potash (Berze- 
lius). — The crystals became opaque at 120'^, and give off 14*3 per cent 
(4 At.) water. The residue decomposes at a stronger heat before it begins 
to melt (Marchand). These hj-drated crystals have not been obtained by any- 
one else. The air- dried crystals give ofi:' at 120^ only 0*14 to 0*57 water, 
merely hygroscopic water therefore (Werther, J. pr. Chem. 35, 484). 
— The crystals fuse and blacken slightly when heated, yielding, first 
water and a small quantity of gas which smells of ammonia, then 
white fumes w'hich form a sublimate of oxamide (Morin). 

Oxalate of urea dissolves in 23 pts. of water at 15^, andjn a much 
smaller quantity of hot water; the cold saturated solution is partially 
precipitated by excess of oxalic acid (Berzelius). It dissolves in 60*5 
pts. of alcohol of sp. gr. 0*833 at 16^, and in a somewhat smaller quantity 
of hot alcohol (Berzelius). It appears to unite with normal alkaline 
oxalates, forming double salts which are soluble in alcohol (Berzelius, 
Lehrh.). 
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At 110°. Regnaulfc. 


8 C 

.... 48 ., 

... 22-85 .... 

.... 23-11 

10 H 

... 10 .. 

... 4*76 ..., 

.... 4 79 

4 N 

.... 56 .. 

... 26*67 


12 0 

.... 96 .. 

... 45*72 


2C2N-LH03,CHH08 .... 

.... 210 . 

... 100-00 



Or : At 110°. Marcliand. Werther. 

2 C-Ad^O" 120 .... 57*14 

2 HO 18 .... 8*57 

72 .... 34*29 33*5 33*7 

2C”Ad'02,2H0,CW.... 210 .. lOO'OO 

Regnault {Ann. PJiarm. 26^ 39); AlarcLand (/. pr. Chem. 34, 248 ; 35, 485), — 
The obviously incorrect analyses of Morin {Ann. Chim. Phj/s, 6L 24) are not given 
here. His experiments on urea mentioned in the same paper led him to the very 
improbable assumption of a hypothetical radical Uril, -which he supposed to he 
composed, like amidogen, of NH-. 

II Oxalate of Metliylaniine. — a. Beiitral. 2C^H®N,C^I-PO® = 
C‘^{C^H®N)‘^0®. — When oxalic acid is saturated with methjlamine, a 
solution is obtained, which may be evaporated to a syrupy consistence, 
but does not crystallize readily; 0*384 grm. of this substance precipitated 
with chloride of calcium gave 0*8846 grm. of oxalate of lime, correspond- 
ing to 0*2289 grm., or 59*6 per cent of C-HO^; the preceding formula 
requires 59*2 per cent. — This salt, when subjected to dry distillation, 
is resolved into water and methyloxamidcj 

csrisn^os = + 4H0. 

M ethyloxamide. 

This transformation takes place more readily than the corresponding 
transformation of oxalate of ammonia into water and oxamide, because 
methyloxamide is more volatile than oxamide (Wurtz). 

h. Add. C^(H,CHi®N)0®. — Obtained by mixing the salt a with a 
quantity of oxalic acid equal to that which it already contains. Crystal- 
lizes more readily than the neutral salt, and is deposited from its alcoholic 
solution in the form of small laminae. Heated to 160°, it is resolved into 
2 At. water and metliyloxamic acid, (Wurtz, N. An7i. Chim. 

FJiys. 80, 464). 

Oxalate of E tJiylarnme. — Obtained by saturating ethylamine with 
oxalic acid. The solution, when evaporated, yields the salt in right 
rhomboidal prisms with truncated summits. 


12 C 

.... 72 . 

. 40-00 

Wurtz. 

40-28 

16 H 

.... 16 . 

... 8-88 . 

. . 9-01 

2 N 

.... 28 . 

... 15*55 .. 

... 15-58 

8 0 

.. . 64 . 

. . 35*57 

. 35-13 

.... 

.... 180 . 

... 100*00 .... 

IGO'OO 


This salt is readily decomposed by heat in the same manner as oxalate 
of ammonia, giving off 2 At. water, and forming Ethyloxamide: 

CishK'N^O^ = C^H13N-Os + 4HO. 

Ethyloxamide. 
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When it is mixed with excess of oxalic acid, and the mixture fused for 
some time over the oil-bath at 180^, a small quantity of Etkyloxaiiiic acid 
is formed (Wurtz, W, A 7171 , Ghim, Fkys, 30, 489). " IF. 

Aqueous Oxalic acid with Prussian blue, — The blue ink invented by 
Stephan and Nasb. — 6 parts of pure prussiaii blue, triturated with 1 or 2 
pts. of oxalic acid and a small quantity of cold water, forms a soft paste 
(Mohr), and with 64 pts. water, a dark blue syrup, which by addition of 
a larger quantity of cold water, is converted into a clear, thin, dark blue 
liquid (Karmarsch, J, pr. Che7n, 20, 17 5). Prussian blue prepared from 
ferrocyanide of potassium and ferric sulphate, and washed with water by 
decantation, may be used for this purpose (Mohr, Ann. Pliarm. 34,318); 
or commercial Paris blue, purified if necessary, by treating it with hydro- 
chloric acid and afterwards with water (Stephan & Nash). — The solu- 
bility of Prussian blue in oxalic acid is increased by previous purification 
with strong hydrochloric or sulphuric acid (Stephan & Nash). — 6 parts 
of Prussian blue, purified with oxalic acid, form with 1 pt. of oxalic acid 
and 256 parts of water, a solution which passes completely through the 
filter. If the prussian blue has been previously mixed with a sufficient 
quantity of oil of vitriol to turn it white, and the sulphuric acid has then 
been dissolved out by water, 1 part of oxalic acid is sufficient to render 
8 parts of the prussian blue completely soluble in 256 parts of water. 
Neither of these two solutions yields any deposit on exposure to the air, 
as is the case with those which are made with prussian blue not previously 
purified by acids (Karmarsch). — With prussian blue not so prepared, 
it is best to use 2 pts. of oxalic acid with 6 pts. of prussian blue ; a still 
larger quantity of oxalic acid is useless, and causes precipitation ; those 
solutions which contain the smallest proportion of oxalic acid are also 
least subject to decomposition (Karmarsch). — With less than 100 parts 
of water to 1 pt. of prussian blue, the solution is not complete; if, for 
example, the syrup obtained with 1 pt. oxalic acid, 6 pts. prussian blue, 
and 64 pts. water be diluted, after 24 hours, with only 64 pts. water, 
and filtered, a dark blue liquid passes through, and there remains on the 
filter a thick blue magma, which dissolves completely in a larger quantity 
of water, forming a blue liquid. With 1 pt. oxalic acid to 2 pts. prussian 
blue, a smaller quantity of water suffices for solution (Karmarsch) . 

The filtered solution, when evaporated, leaves a syrup which dries up 
to a dark blue earthy mass, which has a coppery lustre in parts, is mixed 
with colourless crystals of oxalic acid, but redissolvcs in water. If, 
however, the solution has been prepared wiih 2 pts. of oxalic acid and 
1 pt. of prussian blue, the whole of the blue separates completely as the 
liquid evaporates; and the decanted colourless liquid, when further evapo- 
rated, yields crystals of oxalic acid, mixed with a few brown-yellow 
flakes of iron -salt, a proof that the acid has removed a portion of the 
iron (Karmarsch). — If the blue liquid is diluted with too much water, 
it becomes decolorized after standing for some weeks, and forms a blue 
precipitate; but a less dilute solution, e. y., 1 pt. oxalic acid, 6 pts. Prus- 
sian blue, and 2.56 pts. of water, does not decompose, either by long 
standing, or when heated (L. A. Buchner, Repeit, 72, 136). According 
to Mohr, on the other hand, the solution yields no deposit even when very 
iimcli diluted. 

The blue liquid becomes brown-red when mixed with carbonate of 
potash, but does not deposit ferric oxide till boiled, the quantity then 
deposited amounting to f of that which was contained in the dissolved 
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Prussian blue; tlie yellow liquid filtered from tlie ferric oxide, yields a 
blue precipitate witli hydrochloric acid (Williamson, Ann. Pkarm. 
57, 242). 

If the blue liquid is to be used as ink, a quantity of shellac must be 
boiled with an equal weip:ht of crude potash and with water, the solution 
mixed with a small quantity of lamp-black, and a portion of the mixture 
added to the blue liquid (Stephan & Nash). 

Hydrated Oxalic acid dissolves in 2*5 pts. of cold highly rectified 
spirit, and in 1*8 parts of the same liquid at a boiling heat. It is but 
sparingly soluble in ether. 


Conjugated Compounds of the Secondary Nucleus CH-PO^. 

Oxalate of Methyl. c»H''0^=2C~hP0-fC^0®. 

Dumas h. Peligot (1835). Ann. CMm. iPhjs. 58, 44; also Ann. Pliarm. 

15, 82. 

Weidmann & ScHWEiEER. Pogg. 43, 602; J. pr. Chem. 28, 7. 

MetTiylic Occalate, KleeTiohatTiert Jcleesaures MeiJiylenj occalsaiires MetJiyloxydj 
Oxalate de Methylhie, Oxalfonnesfer. 

Preparation. 1. By distilling a mixture of equal parts of wood- 
spirit, oxalic acid, and oil of vitriol. The first portion of the distillate 
deposits crystals of the compound when left to evaporate; the last por- 
tion contains so large a quantity that it solidifies in the crystalline form 
on cooling. By adding to the cooled residue a quantity of alcohol equal 
to the first portion, and distilling again, an additional quantity of methylic 
oxalate may be obtained. — The crystals, after being drained, are fused 
and then rectified over dry oxide of lead to remove free oxalic acid 
(Dumas & Peligot). — 2. By distilling 1 pt. of wood-spirit with 1 pt. of 
hinoxalate of potash and 2 pts. of oil of vitriol. Wood-spirit passes over 
first, and then the methylic oxalate sublimes in crystals without any 
evolution of sulphurous acid ; but as soon as its formation ceases, sul- 
phurous and acetic acid pass over, together with a small quantity of 
methol, and sometimes also sulphomethylic acid. The crystals are pressed 
between paper and sublimed at a gentle heat over oxide of lead (Weid- 
mann Schweizer). — IF. Wohler (^Ann. Pkarm. 81, 370) mixes 1 pt, 
of wood- spirit, gradually so as to avoid rise of temperature, with 1 pt. 
of oil of vitriol, and distils the mixture with 2 parts of hinoxalate of 
potash (it should be left for 24 hours before distilling), whereupon a 
combustible liquid passes over first, containing a certain quantity of 
methylic oxalate, which may be separated by evaporation, and afterwards 
methylic oxalate which solidifies in the neck of the retort; the latter is 
collected apart, pressed between bibulous paper and purified by standing 
over oil of vitriol, or by keeping it for some time in the melted state. IF. “ 
8. Methylic oxalate may likewise be obtained by distilling wood-spirit 
with oxalic acid alone, and cohobating the product (Weidmann & 
Schweizer). — Also by treating perchlorinated methylic oxalate, C®CPO®, 
with wood-spirit (Cahours). 
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Properties. Colourless rliombic crystals. IMelts at 51°^ boils at 160% 
(bar. at 0*761 met.); smells like oxalic ether (Dumas & Peligot). 


8 C 

48 

... 40-68 . 

Dum. & Pel. 
41*08 ... 

Weidm. & Schw. 
41*08 

6 H 

6 

... 5 09 . 

5*28 ... 

.... 5-18 

8 O 

64 . 

... 54-23 . 

53-64 ... 

53*74 

CWQS 

118 . 

... 100-00 . 

100-00 ... 

100 00 


Decompositions. 1. Chlorine gas, ’v^ith the aid of heat or sunshine, slowly 
converts methylic oxalate (with formation of hydrochloric acid) into chlo- 
rinated methylic oxalate, C®H'CPO®, and afterwards into perch lorinated 
methylic oxalate, G^CFO®. (Malaguti, Ann. Cliim. Pliys. 70, 3S3; Compt. 
rend. 23, 1071). — 2. Methylic oxalate dissolves in water, but wlien 
dissolved is quickly decomposed, especially if heated, into wood-spirit 
and oxalic acid, so that the solution, even when recently prepared, preci- 
pitates lime-water (Dumas & Peligot). it first dissolves in vrater v\itbont 
decomposition; but in the course of a few hours, is resolved into oxalic acid and methol, 
without yielding a trace of wood-spirit. This methol is an oil, nearly as heavy as water; 
smells more powerfully aromatic than the methol obtained from methylic sulphate ; 
and contains SOT 9 p. c. carbon, 13*98 hydrogen, and 5*83 oxygen; it is, therefore, 
C-^H-^0. C^i'eidmann & Schweizer.) — 3. Aqueous solutions of the fixed alkalis 
immediately decompose methylic oxalate into w'ood-spirit and an alka- 
line oxalate; but anh^’drous oxide of lead exerts no decomposing action. 
(Dumas & Peligot): 

C^CQs ^ 2K0 -f 2HO = C-^K-O^^ + 


When methylic oxalate is very carefully decomposed by dilute potash, wood-spirit is 
actually obtained. (Weidraann & Schweizer, J. pr. Chem. 23, 7.) Ldvvig, in a former 
experiment {Pogg. 42, 409), in which he distilled several ounces of methylic oxalate 
with potash-ley, did not obtain a trace of wood-spirit; but more recently {Organ. Verb.) 
he admits the resolution of the compound into alcohol and oxalate of potash. — 

4. Aqueous ammonia converts methylic oxalate into wood-spirit and 
oxamide (Dumas & Peligot) : 

2C-H-0,C-^0<' -f 2NH3 2Cm^O- 4- 

5. Dry ammoniacal gas converts it into wood-spirit and oxamethylaBO. 
(Dumas & Peligot.) 

2C-H''^0,C^OS 4- 


Chlorometliylic Oxalate, C®H"-CPO==2C"-HC=O,C‘0«. 

Malaguti (1839). Ann. Glum. Phys. 70, 3SS; also A'ii?i. Pharm. 

32, 49; also J. pr. Chem. 18, 62. 

CMorJialiiges Meemures MetJiylen, Oxalate de 21etltylhie cklorurej ChlorcxaU 
formester. 

YVhen dry chlorine gas is passed through fused methylic oxalate not 
exposed to the direct rays of the sun, a slow action takes "place, and a 
small portion of the compound is converted, in the course of 1 4 days, 
into a liquid which does nut solidify at ordinary temperatures. On 
decanting this liquid, and decomposing the methylic oxalate sfill con- 
tained in it by continuing the passage of the chlorine till a sample of the 
liquid dissolves completely in water without efferyescence, then decoloriz- 
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ing tlie yellow fuming liquid by tlie application of a gentle beat, and 
partially distilling it with frequent change of receiver, a mixture of 
oxalic acid, metbylic oxalate, and a small portion of cbloroinethylic 
oxalate remain behind, and distillates are obtained, some of 'which 'when 
dissolved in water, give off carbonic oxide gas alone, others a mixture of 
carbonic oxide and carbonic acid. The former must be regarded as the 
purer cliloromethylic oxalate ; the latter, in which the proportion of 
carbonic acid evolved amounts to -j-V carbonic oxide, must be 

rejected. 

Transparent, colourless liquid. 

Malaguti. 


8 C 

.... 48-0 . 

... 18*78 .... 

.... 17*06 

2 H 

2*0 . 

... 0-78 


4 Cl 

.... 141-6 . 

... 55-40 .... 

.... 49-65 

8 0 

.... 64*0 . 

... 25-04 


.... 

.... 255-6 . 

... 100-00 



In 'water it instantly disappears, being converted into oxalic acid, 
hydrochloric acid, and carbonic oxide, which escapes with effervescence: 
CmKW + 4HO = + 400 + 4HC1. 

In this decomposition, 100 pts. of chloriiiethylic oxalate yield 38*82 pts. 
h 3 rpothetical anhydrous oxalic acid, and a quantity of carbonic oxide 
containing 4*12 pts. of carbon. — In damp air, it is quickly converted into 
crystallized oxalic acid (Malagnti). 


PercHorometliylic Oxalate. 

A. Cahours (1846). iV*. A7i7i, Chhn, Phys» 19, 343; also /. pr, Chem, 
40, 425; abstr. Compt. 7'end. 23, 1071, 

JPercJiloroxalsaurer MethyUitTier, Oxalate de Methylhie perchlor§ ; PercJiloroxaU 
formester. 

Obtained by introducing perfectly dry metbylic oxalate into bottles 
filled with dry chlorine gas and exposing them to sunshine. The brisk 
action which takes place at first soon diminishes. After several days’ 
exposure to sunshine, w^hen the colour of the remaining free chlorine no 
longer diminishes, the metbylic oxalate is completely converted into 
crystals of the chlorine-compound. 

Snow-w'hite, nacreous crystalline lamime, which melt at a gentle heat, 
and sublime partly undecomposed at a stronger heat; they ^have a very 
powerful odour, like that of phosgene. 


8 C 

.. 48-0 . 

... 14*79 ... 

Cahours. 
14-69 

6 Cl 

.. 212-4 . 

... 65-48 ... 

..... 65-06 

8 O 

.. 64-0 . 

... 19*73 ... 

..... 20-25 

CWQS 

.. 324-4 . 

... 100*00 ... 

100-00 


This compound is resolved, partially by simple sublimation, but com- 
pletely when its vapour is passed through a glass tube heated to a tem- 
perature between and 400^, into phosgene and carbonic oxide: 

= 6CC10 + 2CO. 
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In caustic potasli-solution, it disappears with violent action and forma- 
tion of oxalate and carbonate of potash and chloride of potassium; 

CSCISQS -f 12KO = C-^K^os + i(KO,CO-) + &KCh 

Soda-solution and baryta-water exert a similar action. — Ammoniacal 
gas acts violently upon it, forming carbamide = CNH-0 (II, 481), and 
sal-ammoniac. 

[According to wliat equation?] — A small quantity of brown matter is formed at the 
same time. 

With wood-spirit, it is decomposed, with great heat and intumescence, 
into hydrochloric acid gas, which escapes, methylic oxalate, amounting to 
i of the perchloromethylic oxalate, and ehloromethylic formiate (VII, ,309). 
If therefore water be added to the cooled mixture, a heavy oil sinks to 
the bottom, whicli, when distilled, gives off ehloromethylic formiate 
between 78° and 82°, and afterwards methylic oxalate at 162°: 

CSCI^QS + 4C2H402 = 4HCi -f- + 2C^H3C10^. 

Alcohol added in small portions to methylic oxalate, produces great rise 
of temperature and evolution of hydrochloric acid gas, while oxalic ether 
and chioroviuic formiate remain behind. When the addition of fresh 
alcohol no longer produces effervescence, the liquid is left to cool and 
mixed with a large quantity of water, whereby an oily mixture is thrown 
down, consisting of the two ethers, which may be separated by dis- 
tillation: 

CSCPQS + = 4HC1 -f ^ 2Cm^ClOK 

In a similar manner, fusel-oil and percbloromethylic formiate mixed 
together, become heated, give off hydrochloric acid, and form amylic 
oxalate and chloramylic formiate (Cahours) : 

CWOS - 4HC1 + +2C^2HnciOk 


Oxamethylane. C®NH^O®= C-H^ Ad,C^O«. 

Bumas & pELiGOT (1835). Ann. Cliim. PJiys. 58, 60, 

Oxamethylarif Oxalfonjiamester. 

Dry ammoniacal gas is passed, to saturation, over heated methylic 
oxalate, till in fact, the mass, which is liquid at first, solidifies without 
alteration of temperature to a white crystalline mass: 

2C=WO,C^O® + NH3 =: C^H^NOs 4- 

Although the absorption of the ammonia is attended with some rise of 
temperature, it is nevertheless necessary, for complete transformation, to 
apply heat from without, so as to keep the mass in the liquid state (Dumas 
& Peligot). 

White crystalline mass (Dumas <& Peligot). Crystallizes from the 
alcoholic solution by evaporation in pearly cubes (Liebig). Soluble in 
boiling alcohol. 
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6 C 

.. 36 . 

... 34*95 

Dumas & Peligot. 
35*0 

5 H 

o . 

... 4*86 

5*0 


.. 14 . 

... 13*59 

13*9 



6 O 

. 48 . 

... 46*60 

46*1 

C-ffAd.C^O® .. 

.. 103 . 

... 100*00 

100-0 


May be regarded as a compound of oxide of metbyl with oxamic acid 
(YIIj 220.) Wlieii it is boiled with water, and ammonia added by drops, 
so as to neutralize the acid as soon as it is set free, till the compound is 
completely decomposed, the liquid is found to contain nothing hut 
oxamate of ammonia ( Balard, Ami. Chbn. Fkys. 4, 101; also Ann. 
Fkarm. 42, 203; also *71 pr. Chem. 25, 84). 


Oxalate of Ethyl. C’=H'»0*=2C*H=0,C^0«. 

Bergman. Optiscula, 1, 256. 

Thenard. Jfem. de la Soc, d'Arciieil, 2, 11. 

Bauhof. Sckw. 19, 308, 

J. Dumas & P. Boullay. J. Fharm. 14, 113: also Schw. 52, 337 and 
432. 

Dumas. Ann. Clam. Fkys. 54, 237; also Ann. Fharm. 10, 288. 

Ef hylic Cxalaie^ Vinic Oxalate^ Oxalic Ether y Kleenayhtha, Kleeaiher, Oxaldthery 
Kleemures Oder oralmures Aethyloxyd, Oxal-mnester, Ether oxalique, Oxalate Oxide 
d^Ethyle, Oxalate ethylique, — Discorered by Bergman ; more minutely investigated 
by Tbenard, Bauhof, Dumas & Bouliay. 

Formed by heating oxalic acid with alcohol (Bauhof ) \ more readily 
in presence of sulphuric acid (Thenard). 

Produced also, together with chlorovinic formiate and hydrochloric acid, 
in the decomposition of perchioromethylic oxalate by alcohol. (Cahours, 
Ann. Chilli. Fkys. 19, 348). — Also in the preparation of crude 
aldehyde, by distilling a mixture of equal parts of peroxide of manganese, 
sulphuric acid, and spirit of 20 per cent (G. Schmidt, Ann. Fharm. S3, 
330). ^ 

Freparaiion. 1. A mixture of 1 pt. oxalic acid and S or 10 pts. of 
96 per cent alcohol is heated for some days, and then distilled, the distil- 
late being poured back again six times or more, till the residue no longer 
ci^stallizes, hut assumes the form of an oily liquid, which may then be 
distilled over without residue as oxalic ether; fur this last distillation 
the receiver should he changed; the free acid is separated by agitation 
with carbonate of lime i Bauhof L A good mode of proceeding is to 
mix dehydrated oxalic acid with three times its weight of absolute 
alcolicii, ami heat the mixture on the water-bath for 8 days, in a flask 
provitled with an upright tube 3 ft. long and surrounded with damp 
paper, so that the alcuhol may condense in it and run back again ; then 
attach to the flask a bent tube h {App. 51), and distil, whereupon 
alcohol passes over first, and afterwards the oxalic ether, which must be 
collected in a separate receiver (Gm.). ^ — Bergman, by distilling equal 
parts of oxalic acid and alcbohol, obtained; first alcohol; then a dfstiUate 
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from wlilcli lime-water separated an etlier ligliter tlian water, and 
liurning witli difficulty; and lastly, a Lea'v^ oil. — 2, One part of 
effloresced oxalic acid and 6 pts. of absolute aicobol are distilled in a 
retort provided witb a thermometer, till the boiling point rises to 140^; 
the distillate poured back, and redistilled till the boiling point rises to 
160°; the residue, consisting chiefly of oxalic ether, agitated several 
times with water to remove free acid; and rectified over oxide of lead: 
the portion which passes over above ISO"" is pure oxalic ether, amounting 
to 1 pt for every 2 pts. of acid (Alitscherlich, LeJirb.). — 3. Oxalic acid 
is heated in a tubulated retort till it begins to give off white fumes (to 
180^ — -200^, according to Chancel), and alcohol dropped in through the 
tiihulus- Oxalic ether then passes over in large quantity mixed with a 
little undecomposed alcohol, (Gaultier de Ciaiibry, Mev. &cientif. 9, 363; 
also Ann. Pliarm. 43, 127). — 4. Alcohol quickly heated with oxalic 
acid to 200^ in a narrow glass tube with thin sides, immediately forms 
oxalic ether (Guerin, ibid.). — 5. A mixture of 15 pts. oxalic acid, 
18 pts. alcohol, and 5 pts. oil of vitriol is distilled till a small quantity of 
Tinic ether is formed. The brown acid residue in the retort, when mixed 
with water, deposits oxalic ether, which must be v ashed with aqueous 
potash and cold water (Thenard). The quantity thus obtained is but small 
(Dumas & Boulky), — 6. A mixture of 1 pt. binoxalate of potash, 1 pt. 
alcohol, and 2 pts. oil of vitriol, is distilled till the retort no longer con- 
tains alcohol. The first portion of the distillate consists of alcohol; then 
comes ether, and an oily liquid which, sinks to the bottom and contains 
the greater part of the oxalic ether. The alcohol is poured off (if 
poured back into the retort once or twice, it yields more oxalic ether, and 
when mixed with water, deposits a still further quantity); the heavy 
liquid shaken up in a cylindrical vessel with water; exposed to the air 
till the vinic ether, which often makes it lighter than water, is evaporated; 
boiled with litharge in a short-necked flask till the boiling point, which 
is at first between 90'^ and 100^, has risen to 183^ or 184^, whereby it is 
freed from acid, as well as from alcohol, ether, and water; then decanted; 
and the ether distilled off in a very dry retort (Dumas & Boullay). — 
Oxalic ether thus prepared, is at first contaminated with a large quantity 
of sulphovinate of wine-oil, which may however be completely removed 
by boiling for a sufficient time with litharge. Its presence may be 
recognized by throwing a piece of potassium upon the oxalic ether, and 
setting fire to the liquid; the charred mass becomes red hot, and leaves 
a residue, which, when dissolved in water and filtered, precipitates 
chloride of barium, and gives off sulphuretted hydrogen when mixed 
with hydrochloric acid. 

Properties. Colourless after rectification; otherwise yellowish (The- 
nard); brownish yellow (Bauhof). Oily. Sp. gr. 1*0929 at 7*5®. Boils 
between 183° and 184", the barometer standing at 076^, Vapour- 
density = 5*087 (Dumas & Boullay); = 5*10 (Cahours). Inodorous 
(Thenard); smells like wine-oil and fusel -oil (Bauhof); has an aromatic 
but slightly aliiaceons odour (Dumas A Boullay). Taste^^ slightly astrin- 
gent (Thenard); very disagreeable, bitter and astringent (Bauhof): 





Dum» & BoulL 

Dumas. 

Cahours, 

12 C 

.... 72 . 

.. 49*31 

49*28 

.. 49-4 ..... 

.... 49-00 

10 H 

.... 10 

... 6-85 

6*79 

. 6*8 ..... 

.... 6*77 

8 0 

.. 64 

... 43*84 

43*93 

43*8 

.... 44*23 

.... 

146 . 

... 100-00 

100*00 

100-0 ..... 

... 100-00 
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Yol. 

Density. . 

C-vapoTir 


.... 4*9920 

H-gas 

10 .... 

.... 0*6930 

0-gas 

4 .... 

.... 4*4372 

Yapour of Oxalic ether 

2 

, 10*1222 

1 .... 

.... 5*0611 


Decompositions. 1. Oxalic ether is decomposed hj Clilorim, with the 
aid of heat and sunshine, hut not otherwise, yielding perchloroxalic 
ether (C^-CP®0®) and hydrochloric acid (Malaguti, Ann. Chirn Fhys. 
74, 299; comp. Laurent, Ann. Chim, Fhys. 66, 817). — 2. In contact 
with TFa^er, oxalic ether is resolved slowly in the cold, quickly with the 
aid of heat, into alcohol and oxalic acid. On distilling it with water, the 
decomposition takes place immediately (Bauhof); when the two liquids 
are merely mixed in the cold, it takes place slowly; in x^essels which do 
not close well, the mere entrance of moist air gives rise to a separation 
of oxalic acid. — 3. Aqueous solutions of the fixed alkalis, such as potash- 
ley (Thenard), or baryta-water (Bauhof). produce this decomposition with 
greater rapidity. 100 pts. of oxalic ether ^neld, with potash, 62*18 pts. 
of absolute alcohol and a quantity of oxalate of potash containing 49*98 
pts. of hypothetical anhydrous oxalic acid; this shows an excess of 11*16 
pts., proceeding from hydrogen and oxygen taken up during the repro- 
duction of the alcohol (Dumas k Boiillay). For the reaction of oxalic ether 
with an insufficient quantity of potash, see Oxalovinlc add, p. 183. — 4. Oxalic ether 
added to a mixture of lime and hydrate of potash contained in a retort, 
sinks into the powder, producing great heat, and probably forming 
oxalate of potash and ethylate of potassium; the mass, when heated, 
gives off hydrogen, and afterwards contains acetic acid (proceeding from 
the alcohol) and carbonic acid (from the oxalic acid ) (Dumas & Stas, 
Ann Chim. Fhys. 73, 152; also Ann. Fharm. 35, 161; also J. pr. Qhem. 
21, 373). — 5. Aqueous Ammonia decomposes oxalic ether, yielding alcohol 
and oxamide (Liebig, Fogg. 31, 334): 

2C^H'0,C^0^ -h 2NH3 = 

Vk‘ hen oxalic ether is shaken up with excess of ammonia, the drops of 
ether which diffuse through the liquid solidify in white masses retaining 
the spherical form. (Dumas.) — Bauhof, who first observed the formation 
of oxamide in this manner, regarded it as a compound of oxalic ether 
with ammonia. — 6. Dry ammoniacal gas passed through oxalic ether 
is absorbed, with evolution of heat, and decomposes the ether into alcohol 
and oxani ethane; by continning the passage of tbe gas for some time, a 
small quantity of oxamide is likewise formed (Dumas, Liebig) ; 

2C-iH50,C^O^» + KH3 = 

In this reaction, 100 pts. of oxalic ether yield 31*356 pts. of absolute 
alcohol and 78*672 pts. (7 6 to 77 pts. according to Dumas) of oxamethane. 
i Damas & Boidiay.) W hen the ammoniacai gas and the oxalic ether 
are hath perfectly dry, the greater part of the latter remains undeconi- 
poscJ, even when heat is applied; a large quantity of oxamethane is 
then formed, with bat little oxamide. Absolute alcohol saturated with 
dry aniRioiiiaea! gas does not form any oxamide with oxalic acid, hut a 
clear liquid, _wliicli when evaporated leaves a large quantity of oxame- 
thane. (Liebig; Fogg. 31 , 359 .) 
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7. Potassium and Sodium heated with oxalic ether decompose it into 
carbonic oxide, carbonic ether, and other products. — does not 
act in the cold; when heated to the point at which it softens, it emerges 
from its crust of oxide, forms yellowish white flocks which gradually 
become dark red, and at 130^ begins to give off gas. By the time that 
fresh pieces of sodium no longer cause any formation of gas, the quantity 
evolved amounts to about 586 cubic centimetres for 5 ‘07 grammes of 
oxalic ether; the gas consists of carbonic oxide mixed with about of 
its volume of hydrogen or carbonic acid. There remains a dark-red 
mass, syrupy while warm, but of the consistence of an extract when cold, 
and having a peculiar odour. This mass dissolves readily in water, 
carbonic ether then separating and rising to the surface of the liquid. It 
likewise dissolves completely in absolute alcohol; and this solution eva- 
porated warm over oil of vitriol in vacuo, leaves a vitreous mass, which 
yields a brown-red powder, quickly becoming moist and gummy. (Ettling, 
Ami, Phaj'm. 19, 18; also Poyy. 39, 157). — Potassium also forms 
carbonic oxide and carbonic ether, the residue containing oxalate of potash. 
(Cahours, Ann, Chim. Phys, 9, 201; also Ann. Pkarm. 47, 292; also 
tXjpr. Chem, 30, 241). The dark colour appears as soon as the sodium 
begins to act; if the action is strong, heat is produced, and oxalic and 
carbonic ethers are evolved together with the carbonic oxide ; hence 
the production of the carbonic ether does not depend on the addition of 
water. The carbonic ether, which amounts to a large quantity, may 
likewise be distilled off from the mass as soon as formed. The substance 
then remaining forms with water a black-brown alkaline solution, which 
yields a large quantity of alcohol by distillation. Sulphuric acid added 
to the residual liquid throws down black flocks of Nigidc acid, and the 
flltrate when distilled yields formic acid, an additional quantity of nigric 
acid remaining in the retort, while oxalic acid remains in solution. 
(Lowig & Weidmann). 

This nigric acid is washed with alcohol and ether as long as the wash- 
liquids exhibit a brownish colour, then dissolved in alcohol, filtered to 
separate a trace of undissoived black matter, and evaporated. It may 
also be obtained by dissolving in water the mass which remains after the 
distillation of the carbonic ether; precipitating with acetate of lead; 
washing the brown precipitate; suspending it in water; decomposing 
with sulphuretted hydrogen; filtering from the sulphide of lead : evapo- 
rating the filtrate, which has at first a yellow colour, on the water-bath, 
in shallow open basins; pouring water on the residue; evapomting again; 
and treating the nigric acid, now again rendered insoluble, with water, to 
free it from oxalic acid. When the acid thus obtained is treated with 
ether, it partly remains undissoived in the form of a black mass; another 
portion dissolves in the ether, forming a brown solution; but this portion 
when heated with water is likewise converted into the black acid, which 
does not dissolve in ether. There are therefore three states of the acid to 
be distinguished: 1. As set free by sulphuretted hydrogen, with separation 
of sulphur, in which state it dissolves in water with a pale jmliow colour; 
2, As produced by imperfect oxidation in the air, in which state it is 
insoluble in water, but dissolves with brown colour in ether. 3. As 
produced by perfect oxidation, in which state it is black, and insoluble 
both in water and in ether, but dissolves in alcohol. The black acid 
dissolved in alcohol reddens litmus slightly. With aqueous ammonia, 
potash, and soda, it forms brown-black solutions, which when evaporated 
leave black, brittle, amoiphous masses. The other salts are almost all 
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insolaMe in water, and baye a brown or black colour. Tbe ammoniacal 
solution freed by evaporation from excess of ammonia, forms with acetate 
of lead a dark brown precipitate, wbicb when dried at 100% contains 
42*72 p. c. PbO, 31*59 C, 3*03 H, and 22*66 O, and is therefore 
Pb0,C^^H"0^ (Lowig & YY'^eidmann, Poyy. 50, 107). In former experi- 
ments with oxalic ether and potassium Fogg. 50, 107), Lowig thought 
that he observed the formation of croconate of potash and vinic ether. 

Of this decomposition of oxalic ether, and formation of carbonic 
ether, no satisfactory account has yet been given. It is true that 
^isjjioQs ^^oxalic ether) (carhonic ether) + 2CO. But as the 
sodium disappears and is absorbed in tbe mass, we cannot ascribe the 
result to a catalytic action of tbe sodium. Perhaps ethylate of sodium 
(C^H^NaO% is formed at first, together with carbonic etber and carbonic 
oxide, and all tbe other products of decomposition are formed by the 
action of the ethylate of sodium on the excess of oxalic ether likewise 
present at the commencement of the action; 

-i- Na = C^H^NaO" -r Cm^O^ -f SCO. 

Other explanations have been given by Dobereiner (J. p7\ Chem. 28, 
168, and by Lowig & YVeidmann, Fogg. 50, 117). 

Comhinaiions. — Oxalic etber dissolves sparingly in Water. 

YVhen Bichloride of Tin is gradually added to oxalic etber at a tem- 
perature below 0^5 till the whole solidifies in a mass, needles united in 
tufts are obtained, from which tbe oxalic etber is again separated by 
water (Lewy, Compi, i^end. 21, 371j also J“. pr. Chem. 37, 480). 


12 C.. 

.. 72-0 

.... 17*76 ... 

Lewy. 
.... 17*59 

10 H.. 

10*0 

2*46 


8 0 .... 

... 64-0 

.... 15*78 1 

.... 16*22 

2 Sa 

. 118*0 

.... 29*09 .... 

29*25 

4 Cl 

... 141*6 

.... 34*91 

34*38 

C^-HiW,2SiiCF 

... 405*6 

.... 100*00 ... 

100*00 


Oxalic ether dissolves in Alcohol^ and is precipitated from the solution 
by water. 


IF ¥iiioiiietliy]ic Oxalate. 
C^^H^O^=C-H^O,eH^O,C^O^==CXMe,Ae,)Ol 


Chancel. Laur. & Gerh C. B. 1850, 373, 403; Jahresber. 1850, 469. 

Oxsltinomithyme. — Formed by the action of sulphovinate of potash 

or oxalomethylate of potash, or of the sulphomethidate on the oxalo- 

vinate: 

}oso^ . 0. ^ 

or: 

C-H=0,KO,2SOS + C‘H=0,K0,C^0= = C=H-’0,C*H=O,C405 + 2(K0,S03). 

, T } P*- oxalovinate of potash completely dried, first 

at 100 , afterrrarus in vaeao, is intimately mixed with I pt. of perfectly 
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anliyflrons sulpliometliylate of potassium (and witb pumice-stone to 
facilitate the distillation), and the mixture heated in a retort placed in a 
sand-bath. On the application of a sufficient heat, the vinomethylic 
oxalate passes oyer in the form of a yellow liquid, having a pungent 
alliaceous odour arising from the presence of a sulphur-compound; from 
this however it may he freed by several distillations over common salt. 
It is further purified by shaking it np with cold water, placing it for 24 
hours in contact with chloride of calcium, and finally distilling it over 
oxide of lead. 


JProperiies. — Transparent, colourless liquid, having a faint aromatic 
odour. Sp. gr. 1*27 at 12h Distils without alteration, and boils between 
160^ and JTOh Vapour-density 4*677. 


Chancel. Or: Chancel. 

10 C 60 .... 45-45 .... 45-1 Cm^O ... 23 .... 17*42 .... 

8H 8... 6-06.... 6*1 C-^H^O.... 37..., 28*03.... 

8 O 64 .... 48*49 .... 48*8 C^O^ .... 72 . .. 54*55 .... 54*40 


C^WO^ .... 132 .... 100*00 ... 100*0 132 .... 100*00 

Voh Density. 

C-vaponr 10 4.1600 

H-gas 8 0*5044 

0-gas 4 4*4372 

Tapour of C^^H^OS .... 2 9*1016 

1 4*5508 

Tinoraethyllc oxalate is inflammahle, and burns with a bright flame, 
blue at the edges. It does not dissolve in water without decomposition; 
cold water and damp air decompose it slowly; boiling water dissolves it 
completely, decomposing it however into wood-spirit, alcohol, and oxalic 
acid. In solution of potash, it disappears immediately, even in the cold. 
Ammonia decomposes it rapidly, forming a precipitate of oxamide 
(Chancel), If 


OzaloYinic Acid, C'H^O^C'0®=HO,C=OHC^H^O,C-Ol 

Mitscherltgh (1834). -Poyy. 33, 332. — LeJirh, Aufl. 4, 1, 208. 

Weim^ahdiirej JEiherMeetdure, Acide oxalovinique. 

A solution of oxalic ether in absolute alcohol is mixed with a quantity 
of hydrate of potash dissolved in absolute alcohol, just sufficient to 
saturate the oxalic aciii ; the precipitated crystalline scales of oxalo- 
vinate of potash are washed on a filter with absolute alcohol, and dissolved 
in hydrated alcohol, which leaves undissolved the admixed oxalate of 
potash; the potash separated from the filtrate by an equivalent quantity 
of sulphuric acid; the alcoholic solution of oxaloviuic acid filtered from 
the sulphate of potash, diluted with water, and saturated with carbonate 
of barji:a; the filtrate evaporated over the water-bath to a sjrup, from 
which the baryta-salt separates in crystals; and from these when dissolved 
in water, the oxaiovinic acid is separated by sulphuric acid. 

The aqueotis acid cannot he concentrated, either over the water-bath 
or in vacuo, but ultimately leaves crystallized oxalic acid. 
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The Oxahvmaies are resolved by boiling with excess of an aqneous 
fixed alkali into alcohol and an oxalate of the alkali. 

Fotasli-salt — Crystalline scales, which do not decompose or suffer 
any loss of weight at 100^* The salt dissolves readily in water and 
crystallizes out again with difficulty. Scarcely soluble in absolute alcohol, 
but dissolves with tolerable facility in hydrated alcohol. 100 pts* of the 
salt decomposed by boiling with caustic potash, yield a quantity of 
oxalate of potash containing 47' 23 pts. of hypothetical anhydrous oxalic 
acid. 



Crystallized. 


MitscEerlich. 

KO 

47*2 ... 

. 30*22 . 

30*41 

8 C 

48*0 ... 

. 30*73 . 

30*90 

5 H 

5*0 ... 

. 3*20 . 

3*01 

7 O 

56*0 ... 

. 35*85 . 

35*68 


C^H^KO^C^OS .... 156*2 .... 100*00 100*00 

= C^(K,C^H5)Os = KOjC^QS + C^H50,CW. 

The Baryta-mdt and the Fotash-salt, which was obtained like the 
baryta-salt, crystallize from the aqueous solution, after it has been 
evaporated over the water-hath to a syrupy consistence. 

When the aqueous solution of the potash-salt is boiled with chloride 
of calcium, oxalate of lime is precipitated. Similarly, a mixture of the 
aqueous potash-salt with acetate of lead or with sulphate of manganese, 
zinc, cobalt or copper, yields, when heated or set aside for some time, an 
oxalate of the heavy metal. In contact with protoxide of copper, the 
aqueous acid yields alcohol and cnpric oxalate (Mitscherlich). 


h, Sidpliur-inicleus. 

Bisiilpliiiretted Yinic Ether. C^H^S-O^C^H-S^HO. 

Malaguti (1839). Ann* Chim. Fhys, TO, 354; dim Ann. Fham* 32, 29, 

Birntfovinather, SchwefeldiJierj Ether sulfurb* 

When sulplmretted hydrogen is passed through bichloriiiated vinic 
ether (C^CFH^O) contained in a retort, a slight rise of temperature takes 
place, and a small quantity of an oily substance passes over, which is 
insoluble in water and sinks to the bottom, together with another bod}^ 
which has an offensive odour and dissolves in the water. Towards the 
end of the prcKJe®, the distillation must he accelerated by external heat, 
but even then the product is nut much increased, as the residue soon 
becomes Hack and viscid. The distillate, if set aside for a few days, 
solidifies to a soft mixture of needles and scales, together with an oil. 
If this oil be pressed out between paper, and the residue repeatedly 
crystallized from boiling alcohol, a mixture of needles and laminse is first 
obtained, and afterwards pure needles of bisulphuretted vinic ether. The 
lamiasB of sulphoclilorinated vinic ether, which remain dissolved in the 
mother-liquid, may be separated by further evaporation and cooling, and 
purified by repeatedly dissolving them in hot alcohol, and removing the 
nemlles which appear first as the liquid begins to cool. 
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Colourless needles, Laying a faint odour like that of cWoride of siil- 
pLur- fusing between 120^ and 123", and solidifying on cooling in a bard 
brittle crystalline mass. (Malaguti.) 


4 C 

24 

... 35*82 ... 

Malaguti 
35*71 

3H 

3 . 

... 4-48 ... 

4*52 

2 S 

32 . 

••• 4 / / 0 

..... 47-01 

0 

8 . 

... 11-94 ... 

12*76 

CWS^O 

67 . 

... 100-00 ... 

100*00 


Tbe needles are decomposed by alcobolic potasb, yielding sulphide of 
potassium and acetate of potasb: 

CWS^O + 3KO = C^H^KO* -f 2KS. 

They dissolye in etber and alcohol, but not in water (Malaguti) . 


c. lodine-micleL 
a. Iodine-nucleus. 

Iodide of Acetyl. C^IH^ 

Begxault (1835). Ann. Ckiiii. Fhys. 59, 370 j also Ann. Pharni. 
15, m. 

Emil Kopp. Compt. rend. IS, 87; also J. pr. Ghem. 33, 185. 

Sogenanntes lodacetyl^ lodaldekyden, lodure dAcetyle, Todure dAldeJiydme 
(tlie hypothetical radical being calied or Aldehy dene) lodetkase (Laurent); 
{Vinaschl. 

Iodide of ethylene (C^HM^) immersed in strong alcobolic potasb, 
immediately gives off vapour of acetyl. It is ultimately heated to 50^ 
or 60'^, to expel tbe vapour completely, and tbe >rapour passed, first 
through a small quantity of water, then through a long chloride of cal- 
cium tube into a receiver cooled with ice and salt, in which it condenses, 
whilst olefiant gas, produced at the same time, passes further (Regnault) : 
-r KO = CdH3 t KI -f HO. 

Fart of the is, however, resolved into and 2l. — E. Kopp 

simply distils the iodide of ethylene with alcoholic potash, passes the 
alcoholic distillate into a well cooled receiver, and precipitates the oil by 
water. 

Colourless oily liquid (Regnault). Sp. gr. 1’98. Boils at 56" 
(E. Kopp). Vapour-density about 4*78. Smells like garlic (Regnault); 
like onions (Kopp). 

It is decomposed by fuming nitric acid, with evolution of nitrous 
fumes and separation of iodine, but not by cold pure nitric acid, or by 
sulphuric or hydrochloric acid (E. Kopp). 

Insoluble in water, but dissolves very easily in alcohol and ether. 


4 C 

... 24 .... 

15*69 . 

E. Kopp. 

... 15*20 

C -vapour 

VoL 
... 4 

Density 
... 1*6640 

3H .... 

... 3 .... 

1-98 . 

... 2*00 

H-gas 

... 3 

... 0*2079 

I . ... 

126 .... 

82*35 


I -vapour 

... 1 

... 8-7356 

C^IH^ 

.... 153 .... 

. 100-00 


Vapour of C^IH^ . 

... 2 

.... 10'6fl75 





1 

... 5*3037 
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ETHTLEXE; IODINE-NUCLEUS C^PH. 


/3. Iodine Nucleus. C*PH. 

lodaL 

To tills head beloEg probably the two following liquids: 

a, A solution of 1 pt. iodine in 4 pts. absolute alcohol, is introduced 
into a bottle provided with a loosely fitting glass stopper, and strong 
nitric acid added in about equal quantity. If the brown mixture does 
not become decolorized in 2 to 8 days, more nitric acid must be added. 
Gas is then continually evolved, consisting chiefly of nitrous oxide, and 
an oil is formed, which must he removed with the pipette. As it still 
retains alcohol, nitric acid, and nitrous ether, it must be distilled over 
carbonate of lime and chloride of calcium. It begins to boil at 25® ; the 
boiling point rising, however, to 115^, at which temperature the residue 
decomposes, and the distillate becomes red from separation of iodine. 
The first portions of the distillate which pass over contain large quantities 
of nitrons ether ; the last portion contains only traces, which may be 
removed by leaving the liquid for several days in contact with 30 times 
its hulk of water. 

The oil thus obtained smells like chlorine. When kept under water 
for some days, it forms needles at the surface of contact. It gives oflc* 
iodine with oil of vitriol, and is converted by potash into iodoform. — It 
dissolves sulphur, bromine, and chlorine, and dissolves in alcohol and 
wood-spirit (Aime, Ann, Ckini. Phy&» 64, 217; also Ann, Fharm, 23, 
258; dim J, pr. Ckeni, 12, 188). 

h. When a saturated solution of iodine in alcohol is poured into nitric 
acid heated in a capacious flask, a violent action ensues; nitric oxide, 
acetic acid, and nitrous ether are given ofl*; and the iodine»solution. 
becomes decolorized. If the application of heat he continued, fresh 
iodine added till the action ceases and the colour disappears, and the 
liquid left to cool, the compound sinks to the bottom in the form of a 
yellowish oil. — The supernatant acid liquid still deposits a small portion 
of oil on being mixed with water, and still more when neutralized by 
potash; bat the oil thus separated is more coloured: the most eSectual 
means of extracting it is to shake np the acid liquid with vinic ether. 

The oil is clear, of pale yellow colour, and sp. gr. 1 *34; has a strong 
pungent odour, very different from that of iodic ether. It reddens litmus, 
inasmach as, from the great facility with which it decomposes, it cannot 
be freed from adhering acid, either by distillation or by the action of 
alkalis. Boils at 110^; hut decomposes and turns brown at the same 
time. When exposed to the air, it evaporates very slowljq becoming 
thick and decolorized; on the hand it evaporates more quickly, leaving a 
stain of iodine. When heated in a retort, it slowly yields at 71® a 
colourlecs distillate, having an ethereal odour, and leaves a dark thick 
residue, wliicli at 193‘" likewise volatilizes, giving off iodine-vapours, and 
leaving a fcliining carbonaceous re.sidue. The oil exposed to sunshine 
in closed vessels, assumes a darker colour, and yields a crystalline deposit 
of iodine. 

Cliiorine gas reddens the oil, with formation of hydrochloric acid 
but without completely decomposing it. — Cold nitric acid has n6 
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action upon tlie oil. Oil of vitriol turns it brown, and at Mgber tempO' 
rat ares blackens it, wilb evolution of iodine and sublimation of yellowish 
prisms, probably consisting of — Hydrochloric acid slowly colours 

the oil brown, itself at the same time acquiring a yellow colour. Strong 
potash -solution decolorizes it, with rise of temperature and evolution of 
gas, and assumes a red colour ; but on agitation wnth water, the oil 
becomes somewhat yellowish, and acquires the power of reddening litmus; 
if the potash-ley is in sufficient quantity, the oil appears to resolve itself 
into a colourless oily hydrocarbon and iodide of potassium ; no iodate of 
potash is formed. Potassium decomposes the oil, with evolution of heat, 
leaving a residue of charcoal and iodide of potassium. Phosphorus pro- 
duces iodide of phosphorus, with great evolution of heat; the same 
decomposition takes place even under water, which then takes up 
hydriodie acid. — The oil dissolves abundantly in ether and in alcohol, 
and is separated from its alcoholic solution by water (Johnston, Fhil. 
Mag.J. 2, 415; 21bo Sckw, 68y 213; also Ann. Fharm. 9 , 206). — John- 
ston regards this liquid as Iodic Ether'. 


d. Bromine-nucleL 
a. Eromine-nucleus. 

Bromide of Acetyl. c^BrHl 

Eegnaijlt (1835). Ann. Chim» Ihjs. 59, 362; also Ann. Ikarm. 

15, 63. 

Sogenanntes Bromacetyl^ Bromaldehydeny Bromure dAcetyhj Bromure dAUe* 
hyd^ne, Bromithase (Laurent). {yinarn\. 

An alcoholic solution of bromide of ethylene (C^H^Br-) mixed with 
aqueons potash, spontaneously evolves the vapour of bromide of acetyl, 
which, on the subsequent application of heat, is given off completely 
between SO" and 40^. It is passed through a small quantity of water, 
then through a long chloride of calcium tube, and then into a receiver 
surrounded with a mixture of ice and salt, in which it condenses quite 
free from bromide of ethylene: 

-f KO = CmrHS + KBr -f HO. 


Colourlessj very thin liquid, which has a sp. gr. of about 1*52, boils 
even at ordinary temperatures, and forms a vapour of sp. gr. 3*691. Its 
odour is ethereal and alliaceous, but not unpleasant (Begnault). 


4 C............ 

24 . 

... 22-43 

Kegnault. 

.... 22-48 

C -vapour 

VoL 

.. 4 . 

Densitj. 
... 1-6640 

3H 

3 . 

... 2-80 

.... 2*92 

H-gas 

„ 3 . 

... 0-2079 

Br 

80 . 

... 74-77 

.... 74*60 

0-gas 

1 .. 

... 5-5465 

CmiB? .... 

107 . 

... 100-00 

.... 100-00 

Vapour of C^BrHS.. 

.. 2 . 

... 7-4184 





1 . 

... 3-7092 


CHorine converts the liquid into an oil resembling Butch liquid. If 
the liquid be enclosed together with bromine in a sealed glass tube, 
exposed for some days to sunshine, and the point of the bulb then broken 



188 


ETHYLENE: BROMINE-NUCLEUS C^Er^H, 


offj a large q^nantitj of acid vapours escape, probably consisting of bydro- 
bromic acid. If tbe remaining liquid be washed with water containing 
potash, a liquid is deposited heavier than oil of vitriol, boiling above 
100°, and exactly resembling bromide of ethylene; but containing only 
9'3S p.c. C and 1*30 H, and consequently too much bromine, perhaps 
because it contains a bromide of carbon in solution (Eegnault). This 
liquid might be or as hydrobromic acid is evolved, perhaps C'^H Bi^ (Laurent, 

An 7 i. Chim, Phys, 60, 327; also Ann. Pharm. 18, 165). — Potassium slowly 
decomposes bromide of acetyl at ordinary temperatures, becoming covered 
with a crust of bromide of potassium; but when heated, it becomes red- 
hot and separates charcoal. The vapour also deposits charcoal on strongly 
or gently heated iron. If the iron is red-hot, a gas is obtained, which 
smells like naphthalin, and contains in 100 volumes, 110 vol. hydrogen 
and 90 voL carbon- vapour; if the iron be less heated, 100 vol. of the 
gas contain 1 29 vol. hydrogen and 152 vol. carbon-vapour; and if the iron 
be still colder, 151 vol. hydrogen andlSO yqL carbon-vapour. (Eegnault). 


Bromine-nucleus. C^Br^H. 

Bromal. CWH,0^. 

Lowig (1832). Ann, Tharm, 3, 288. — Poyy. 36, 551. — Org, Yerh, 
2, 92. 

Formylhromid mit Kohlenadiromid (Berzelius); Oocyde de Bromithise (Laurent)* 
INevinim^ 

^Preparation, 1. To 1 pt. of ether or absolute alcohol contained in a 
cooled distillatory apparatus, 3 or 4 pts- of bromine are gradually added; 
the mixture set aside for 12 days; and three-fourths of it, consisting of 
hydrobromic acid, bromide of ethyl, and heavy hydrobromic ether, dis- 
tilled off ; a residue is then left, consisting of bromal mixed with small 
quantities of heavy hydrobromic ether and hydrobromic acid. This 
residue mixed with water, and exposed to the air in a shallow basin, for 
an interval of 12 to 24 hours, yields large crystals of hydrate of bromal. 
On gently heating these crystals wdth six times their weight of oil of 
ritriol, the dehj'drated bromal sinks to the bottom as a transparent 
colourless oil, which is separated mechanically from tbe greater part of 
the oil of vitriol, and finally distilled, first over slaked, and then over 
quick Mme, Or the crystallized hydrate may be distilled with oil of 
vitriol. 

2. Three parts of bromine are gradually added to 1 pt. of absolute 
alcohol contained in a bottle; about distilled oil' at a gradually increas- 
ing heat; the residue, consisting of bromal, liea’vw hydrobromic ether, 
hjkmhmmic acid and formic acid, agitated with a large quantity of 
ether; the upper ethereal stratum, which contains the bromal and heavy 
hydrobromic ether in solution (if too little ether be used, it fails to the 
botttiiii), separated from the lower liquid containing the two acids; tbe 
ether distilied from the upper layer at tbe gentlest possible beat; tbe 
residue exposed to the air in a shallow dish till yellowish crystals of 
hydrate of bromal form; these crystals pressed between paper to free 
them from the heavy hydrobromic ether, a portion of which, never the- 
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less, remains adhering to them; and the crystals distilled, as above, with 
oil of vitriol (L5wig). 

According to Aime, broroal may be prepared like iodal, from alcohol, nitric acid, 
and bromine. 

Prope7iies, Transparent, colourless oil, of sp, gr. 3*34; somewhat 
greasy to the touch; makes grease-spots on paper, which, however, dis- 
appear after a while. Boils above 100°, and may be distilled without 
decomposition. Has a peculiar pungent odour, and excites a copious 
flow of tears; its taste is extremely sharp and burning, and very per- 
sistent. 


4 C 

24 .. 

8*54 , .. 

Lowig. 

8*64 

H 

1 .. 

. 0-36 . . 

.... 0-38 

3 Br 

240 . 

. 85*41 .... 

84*65 

2 0 

16 .. 

.. 5*69 .... 

6-33 


cmmcp 281 .... 100-00 100-00 


Beconipositiom, 1. Bromal passed over red-hot iron yields bromide of 
iron, charcoal, and carbonic oxide [and hydrogen]. — 2. Heated lime or 
baryta becomes incandescent in bromal vapour, forming carbonic oxide 
gas* [and water?] and a bromide of the metal mixed with charcoal. 
These metals do not act when only slightly heated. — 3. Ac|ue0US fixed alkalis 
decomposed bromine at a gentle heat, yielding formiate of potash and 
bromoform: 

C-^Br^HO^ -r HO,KO = C^HKO^ + CTi-SH. 

Chlorine, nitric acid, and oil of vitriol exert no decomposing action; if 
bromal fumes on the addition of oil of vitriol, it still contains heavy 
hydrobromic ether. 

Comhinations. With Water, a, Hydrate of Bromal. — Bromal 
exposed to the air is soon completely converted into snow-white crystals 
of the hydrate. A solution of bromal in a small quantity of wmter 
yields, after long keeping, large crystals of the hydrate having the form 
of sulphate of copper. The crystals fuse even at the heat of the hand; 
they have the smell and taste of bromal. Oil of vitriol converts them 
immediately into anhydrous bromal. They dissolve readily in water, 
and crystallize out again on evaporation. 


harge Crystals. 


Lowig. 

4C 

24 .. 

7*57 .... 


5 H 

5 .. 

. 1*58 .... 

.... 1-57 

3Br 

. 240 .. 

. 75*71 .... 

. . . 15-32 

6 0 

. 48 .. 

.. 15*14 . . 

. .. 75-36 

C<Br3HO= + 4Aq ... 

317 .. 

.. 100-00 ... 

..... 100-00 


5. A<itieom Brorml, The solution has the taste and smell of bromal, 
does not redden litmus, or precipitate nitrate of silver. 

Bromal dissolves Pho^hmms and Sulphur, 

It mixes readily with Bromme, 

Mixes very readily with Alcohol and -with Bthcr (Lowig). 
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Ccmjugated Uromine-compound. 

Bromoxafom. 

Cahours. X. Ann. QMm, Pkys. IS, 488; also J. pr. Ckem. 41, 62; 
abstr. Comp. rend. 21, 814. 

Bromoxaforme. Discovered by Cahours in 1845. 

Formed by tbe action of bromine on aqueous solutions of tbe alkaline 
citrates. (Yid. Citric acid) : 

-i- 2HO ^ 14Er - OTBr^O^ 4- 6CO- + 9HBr. 

Bromine is added by small portions to a concentrated aqueous solution 
of citrate of potasb, till it no longer causes effervescence from escape of 
carbonic acid, and tbe liquid begins to assume a reddish colour ; tbe 
excess of bromine is then neutralized by cautious addition of caustic 
potasb; tbe oily mixture of bromoxaform, bromoform, and a small quan- 
tity of a peculiar substance, which sinks to tbe bottom, gently distilled 
with water; tbe rpsidual oil left to cool to tbe crystallizing point under 
water; and tbe crystalline mass of crude bromoxaform washed with water 
and then dissolved in alcohol, from which solution pure bromoxaform 
crystallizes out on cooling. 

Crystallizes on cooling from tbe hot saturated alcoholic solution in 
long silky needles; from tbe dilute solution, by spontaneous evaporation 
in transparent colourless tables. Melts at 74' or 75°; evaporates for tbe 
most part indecomposed when heated, merely giving off a small quantity 
of bromine vapour; and sublimes in highly lustrous needles. 


6 C 

36 ... 

. 7-68 

Caiionrs- 
7-78 

5 Br 

400 ... 

. 85-29 ... 

..... 85-75 

H 

1 ... 

. 0-21 ... 

..... 0*32 

4 0 

32 .. 

. 6-82 . . 

6-15 

C®Br5HO-^ 

469 ... 

. 100-00 ... 

100-00 


May be regarded as acetone C^IDO--r20, in wbicli 5H are replaced by 5Br 
(Caiioiirs)^ [or as a compound of C^r^H (bromoform) with C^Br^O'^ = C’Br-O”;, 
i.€, with an aldide of the nneiens C'^Br^O-]. 

Bromoxaform heated with oil of vitriol till it boils, is decomposed, with 
Tolatiiization of bromine and an oily product, — Strong nitric acid does 
not decompose it even at a boiling heat, but merely dissolves it. — Its 
solution in potash is decomposed by boiling into bromoform which vola- 
tilizes, and a residue of oxalate of potash and bromide of potassium: 

C^Br^HO-^ -f 4KO = C-HBr^ -r C^K-QS 4- 2KBr. 

It does not diss'oire in Waier^ oven at a boiling heat; is but slightly 
Eoiuble in gently healed oil of vitriol; insolnble in cold nitric acid, but 
dissolves in that acid when hot and tolerably strong (the mndissolved 
portion Soating on the top in the form of an oil), and crystallizes in 

needles as tbe solution cools. 

Dissolves in Wood-spint and in Ether^ and easily in AUoJml, espe- 

ciallj when tot f Gabours), 
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e. Chlorine-nmlei. 
a. CUorme-nticleus. G^C1H\ 

Chloride of Acetyl. C*C1H’. 

Eegnatilt. Ann. Chim. Phys. 58, 308; also Ann. Pharm. 14, 28. 

Sogenannies Chloracetyly Chlnraldehyden, CUornre d’Acetyle, Chlorure d’AIde- 
kgdene, Ckloritkase (Laurent), — First obsenred by Liebig j examined by 

Kegnault in 1835. 

Cliloride of etlijlene is mixed in a gas-generating apparatus witli alco- 
tolie potaslij and after four da when chloride of potassium has settled 
down, the liquid is distilled in the water-bath at a gradually increasing 
h«it. From 20^ to 25^, the liquid begins to boil and gives off a large 
quantity of gaseous chloride of acetyb which is purified by passing it, 
first into a bnlb surrounded with ice, then through two Liebig’s bulb- 
apparatus, the first filled with oil of vitriol, the second with potash (to 
retain alcohol and h 3 "drochloric acid), then through a chloride of calciiiiii 
tube, theu through a small bulb cooled to — IS"', in which traces of chloride 
of ethylene are deposited, and lastly into a small receiver cooled to —22b 
in which the chloride of acetyl condenses to a liquid, mixed, however 
with a small quantity of chloride of eth^dene (Eegnault). 

*r KO = C^HSCl -f KCi -f HO. 


Thin liquid, boiling between — 18^ and — 15^ (Liebig). In the 
gaseous state it has an ethereal odour (Regnanlt). 


4 C 

.. 24-0 

... 38*46 , 

Regnaulfc. 

.... 38*90 

C-vapour 

Vol 
... 4 .. 

Density 
.. 1-664C 

3H 

3*0 . 

... 4*81 , 

.... 4*77 

H-gas 

... 3 .. 

.. 0*207^ 

Cl 

.. 35*4 . 

... 56*73 

.... 56-33 

Ci-gas 

... 1 .. 

.. 2*454: 

C‘C1H= .. 

62*4 . 

100-00 , 

.... 100*00 

Vapour of C'^CiH^ . 

2 

. 4-32G1 


1 .... 2-163j 


The gas burns with a bright yellow flame, green at the edges. Mixec 
with oxygen gas over mercury and set on fire, it explodes, 1 vol. of the ga. 
absorbing 2^ vol. oxygen, and forming 2 voL carbonic acid gas, togethej 
with water, hydrochloric acid, and calomel. 2 vol. of the gas contaii 
4 voL C-vaponr, 3 voi. H-gas, and 1 vol. €l-gas; 4 vol. C-vapour, wit! 
4 vol. 0-gas form 4 vol. carbonic acid gas; 2 vol. H-gas with 1 vol. 0-gii; 
form water; and 1 vol. H-gas with 1 vol. Cl-gas forms hydrochloric 
acid. — Electric sparks passed through the gas for some time produce m 
decomposition, — Potassium does not act upon the gas in the cold, bu 
when slightljr heated in it, becomes incandescent, and separates charcoal 
together with a small quantity of naphthalin (Regnault). 

In the liquid state, it is dissolved sparingly by water, but in all pro 
portions hj alcohol and ether (Liebig). 

Chlorine transforms it into the compound G^H^CP (Regnault). 
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MonocMorinated Vinic Ether. 

C^H^CIO = C^C1H3,H0 = C^0C1H^H=^ ? 

Fel. d’Arcet (1837). Ann. Chim. JPliys, 66, 108; also Ann. FJiarm. 

28, 82; also J. pr. Ckem. 13, 439. 

ChloTvmdther. CklorHheral (D’Arcet), Ether sulfuriqtie Mmichlorurt (Malaguti), 
OxycMorure d'Ethene (Laurent). 

"WKen cliloride of ethylene (YIII, 376) is prepared from chlorine and 
tmpurified olefiant gas, and distilled over the water-bath to purify it, 
pure chloride of ethylene passes oyer first at 85°, and there remains a 
residue which does not begin to boil till 140°, the boiling point then con- 
tinually rising till it reaches 180°. The distillate thus obtained yields, 
after thorough purification [by what means ?] a transparent, colourless, 
very thin oil, haying a sweetish, ethereal odour; its vapour-density 
is 4-93. 


D'Arcet. VoL Density. 


4 C, 

. 24*0 . 
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... 0*5546 

C^IDCIO 

71*4 . 
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1 
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Its Tapour is therefore monatomic, like that of common ether. 


Monoclilorinated vinic ether burns with a green flame. Chlorine and 
ammonia exert no action upon it (D’Arcet). 

This compound is doubtless produced, quite independently of chloride 
of ethylene, by the action of cMorine on the ether-yapour still contained 
in the olefiant gas. (Regnault.) It is probably also formed at the com- 
mencement of the action of chlorine upon pure ether. (Malaguti.) 


Monocliloracetic Acid. c^h®C1,0^ 

Fel. Leblanc (1844). JT. Ann. Chim.Fk^s. 10, 212. 

Vihrmnssumre, Aeiie miiique monQchUruri, Acide chloreikasigue (Laurent). — 
Not to he confounded ■with Dumas’s chloracetic acid, which is terchioracetic acid. 

Obtained by passing chlorine gas through glacial acetic acid in the 
shade, as long as any action takes place (it is very slow even at 100^), 
and then passing dry carbonic acid gas through it at 100^, to expel free 

chlorine. 

Colourless liquid, haying the odour of glacial acetic acid, but somewhat 

less mobile. 

The acid decomposes the alkaline carbonates with efferyescence, and 

yielda a deliquescent salt with potash. 

It doea not precipitate nitrate of ailrer. Diluted with water, satu- 
rated at a g^entle heat with moist oxide of silver, and filtered, it yields. 
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on evaporation in vacuo, first a few crystals of ordinary acetate of silver, 
whicli must be removed, and then small white shining scales of the chlor- 
acetate, which are somewhat more soluble in water than the acetate; 
change very rapidly when exposed to light, and leave chloride of silver 


when burnt (Leblanc). 



Leblanc. 

4 C 

24*0 

.... 11-92 .. 

... 11-54 

2 H 

2*0 

.... 0-99 .. 

1-02 

Ag 
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Cl 
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C^ClH-AgO^.. .. 
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BicHorinated Hydrocliloric Etlier. 

C^H^CP=C^C1H^CP==C"CPH,LP ? 

Eegnault (1839). Aim. Ckim. Fhys. 71, 355; also Ann. Fhann. 

33, 317; also J. pj‘. Chem, 19, 201. 

Trichiorvmafer, AcetylchUrid, doppeltchlorhaltiyer Ohio nv asset staff iit her, Ether 
hydrochhrique hichlarurB. 

JMonochlorinated hydrochloric ether, C^H'^CP (VIII, 375), exposed to 
daylight, rapidly absorbs chlorine gas, assuming a yellow colour, but not 
decomposing: but if exposed to sunshine, it loses its colour in a few 
minutes; becomes heated, often enough to cause projection of the li(juid; 
and gives off hydrochloric acid gas (Eegnault): 

C^H^CP + 2C1 = C^H^CP -f- HCL 

700 grammes of monochlorinated hydrochloric ether, covered with a 
thin layer of water, are introduced into a two-mouthed bottle, one aper- 
ture of which is connected by a bent tube with a cooled receiver, while 
the other serves to convey the chlorine to the bottom of the vessel. The 
liquid is first saturated with chlorine in a rather dark place, and then 
transferred to a lighter place, or to direct sunshine, to induce the reaction. 
After the action of the chlorine has been thus continued for two days, 
during which time a small quantity of liquid distils over in consequence 
of the heat evolved (this liquid is rich in chlorine, and may serve for the 
preparation of sesquichloride of carbon), the li(|uid in the bottle is dis- 
tilled over, the receiver being changed after a while, — because the first 
portion still contains a large quantity of monochlorinated hydrochloric 
ether, and must therefore be, again subjected for some time to the action 
of chlorine, after which it may be added to the latter half of the distillate 
and the whole distilled in a retort provided with a thermometer, the first 
and Iasi fourths of the distillate being set aside and used for the pre- 
paration of terchlorinated and quadrichlorinated hydrochloiic ether. 
The half of the distillate which passes over in the middle of the pro- 
cess at a constant boiling point, is pure biehlorinated hydrochloric 
ether. 

Colourless liquid of sp. gr. 1 372 at 16^; boils at 75^. Vapour- 
density 4*530. Smells like monochlorinated hydrochloric ether. 

VOI*. IX. 0 
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4 C 

, 24*0 .. 
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. 3 .. 

.. 0-2079 

3 Cl 

. 106-2 . 

... 79*73 

.... 79-63 

Cl-gas 

. 3 .. 

.. 7-3629 


.. 133-2 . 

... 100-00 

.... 100-20 

Vapour of OH3Cl» 

2 .. 

... 9-2348 



1 . 

... 4-6174 


TLis coinpound is scarcely acted upon by potasb even in tbe state of 
boiling alcoholic solution, a small quantity of chloride of potassium 
separating out after several distillations, while bichlorinated hydrochloric 
ether passes over unaltered. If the residue of the distillation be then 
evaporated, exhausted with alcohol, filtered to separate chloride of 
potassium, and the filtrate evaporated to dryness, the residue thus 
obtained gives with sulphuric acid a distinct odour of acetic acid. 
[The acetate of potash is perhaps formed as expressed by the following 
equation: C^H^CP 4- 4KO = C^H^KO^ -r 3KCI] — Bichlorinated hydro- 
chloric ether exposed to the action of chlorine in sunshine, is converted, 
first into C^H-CP, then into C^HCP, and finally into C^CP (Eegnault). 


The so-called PercMoride of Acetyl. 

C^H^CP=C'ClH3,CP=:(PCPH^HCi ? 

Regnault (1838). Ann. Ckim. Fliys. 69, 151; also J. pr. Cliem. 

18, 80. 

Perchrure d^Acei^le, Chiorure de Chlorithase (Laurent). IKet^inakJ. 

Dry chlorine gas exerts no action upon gaseous chloride of acetyl, 
in diffused daylight, hut in sunshine it forms products whose 
nature varies according to the proportions in which the two gases are 
mixed. 

Freparaiion. Gaseous chloride of acetyl is evolved hy gradually 
heating a mixture of chloride of ethylene and alcoholic potash from 20^ 
upwards; passed through a hulh-apparatus filled with water to remove 
alcohol-vapour; then through a chloride of calcium tube; and lastly 
through a bulh-apparatus containing a large quantity of pentachloride of 
antimony, which must be cooled at first, but afterwards allowed to get 
warm, to prevent the mass from solidifying. The brown mass, swelled 
up to double the original volume, which remains after saturation, yields 
by distillation an ethereal liquid, which is freed from antimony hy agita- 
tion with water containing hydrochloric acid, and twice rectified over 
quicHiine. ^ The portion which goes over between 95“ and I15“, contains 
Butch liquid; but the boiling point quickly rises to 115°, where it 
becomes constant, and at that temperature the compound passes over in 
the pure state. — 2. Chlorine gas is passed to saturation through chloride 
of ethylene covped with a layer of water and placed in a dark situation; 
the yellow liquid then ^brought into the light, where it loses its colour, 
becomes heated, and gives off hydrochloric acid, which dissolves in the 
water; chlorine gas coniinuously passed through it for two days in the 
light; the watery stratum decanted, and the oil distilled, rejecting the 
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first portion wliich passes over below 115°, and the last portion wliicb 
distils above 115°. Tiie portion obtained in the middle of tbe process at 
115“j and amonnting to f of the whole, is the pure product. 

Oil of sp. gr. 1*422 at 17°. Boiling point 115°. Vapour-density 
4*613 to 4*707. 

Tol, Density. 


4C 24*0 .... 18 02 .... 18' 17 C-vapour 4 .. 1*6640 

3 H 3*0 .... 2*25 . 2*31 H.gas 3 .... 0*2079 

3 Ci ... . 106*2 . 79*73 ... 79*28 Ci-gas 3 .... 7*3629 


. 133*2 . 100*00 . 99*76 Vapour of CWCF 2 .... 9*2348 

1 ... 4-6174 

Mixed with alcoholic potash, it immediately becomes heated and forms 
a precipitate of chloride of potassium, and afterwards yields by ditetiila- 
tion the liquid C^CPH“, without any evolution of gas. Exposed to day- 
light in a bottle filled Tvitli chlorine, it is converted, in the course of 
24 hours, into sesquichloride of carbon and hydrochloric acid: 

C-^HSCF -f 6C1 = C-^CF -f HCL 

When chlorine gas is passed for a day through the oily compound 
C^H^CP, a large portion of it is converted into the liquid C^H-CP 
(Regnault). 

This compound is isomeric with bichlorinated hydrochloric ether. It 
is probably, as Malaguti and Laurent suppose, = C^CPH, H-, while the 
oil obtained from Dutch liquid is perhaps C^H^CP, HCl, as Regnault 
supposes; or C^CIH^, CP. 


f Chloride of OthyL C^H®C10~C^H30^CL 

Gerhardt. iV. A?i7i. Chim. Phys, 37, 285; Ann, PJiarm, 87, 68; 

Jahreshe7\ 1852, 444. 

CMoride of Acetyl the group is called Othyl by Williamson 

and^cefy/by Gerbardt (VIII, 336). 

Fomiatio7i and Preparation, By the action of oxychloride of phos- 
phorus on acetate of potash: 

3C^H-KO^ -r RCFO- = 3C^H30-C1 + PO'^K^. 

The oxychloride is made to flow drop by drop into fused acetate of 
potash. A brisk action takes place, attended with considerable evolution 
of heat, and the chloride of othyl distils over without application of 
external heat, into a receiver which must be kept cool. The product is 
freed from excess of oxychloride of phosphorus by distillation over acetate 
of potash (a process which is always attended with some loss, from forma- 
tion of anhydrous acetic acid), then distilled by itself, and the portion 
which passes over at 55°, collected apart. — [If pentachloride of phosphorus be 
used in tbis preparation instead of the oxychloride, the distilled product deposits, after 
a day or two, a quantity of a yellowish white substance, which deliquesces in the air, and 
dissolves in water with a hissing noise ; it does not volatilize without decomposition, 
but chars when heated, and gives out an odour of phosphorus ; it appears to be a 
conipoond of pentachloride of phosphorus with chloride of othyl. Hence the oxjdhlo- 
ride is better adapted for the preparation than the pentachloride.] 

Properties, Colourless, very mobile, strongly refracting liquid, of 

o 2 
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sp.gr. 1*125 at 11°; boils at 55°; fumes slightly in the air, and has a 
pungent odour recalling that of acetic and of hydrochloric acid. The 
vapour attacks the eyes and lungs strongly. Yapour density =2'8T. 




Gerhardt. 


Vol. 

Density. 

4 C 

24*0 .. 

.. 30-61 

.... 30*59 

C-vapour 

4 .. 

.. 1-6640 

SH 

3*0 .. 

... 3-82 

.... 3-95 

H-gas 

3 .. 

.. 0*2079 

Cl 

35*4 .. 

45-16 

.... 45-23 

Cl-gas 

1 .. 

... 2-4543 

2 0 

16*0 

... 20-41 

.... 20-23 

O-gas 

1 .. 

1-1093 

dH20=,Cl .... 

. 78*4 . 

... 100-00 

.... 100-00 


2 . 

1 . 

... .5'4355 

... 2 7177 


Decompositions, Chloride of othyl in contact with water is converted, 
with violent action, sometimes even assuming an explosive character, into 
acetic and sulphuric acid; 

C-^H^CiO^ 4- 2HO - C-'HW 4- HCL 


Ammonia and aniline act strongly upon it, the latter forming acetanilide 
(or othanilide) the same compound that is formed by the 

action of anhydrous acetic acid upon aniline. — When chloride of othyl 
is gently heated with zinc in a sealed tube, the metal is strongly attacked, 
and a brown tarry substance formed. Water separates from the latter 
brown flakes which become pitchy when heated; a peculiar ethereal 
odour is likewise evolved, and chloride of zinc remains in solution. — 
Chloride of othyl yields with sulphide of lead a colourless distillate 
having a disagreeable odour like that of cat's urine, and probably con- 
sisting of sulphide of othyl. — With acetate of potash it forms anhydrous 
acetic acid (YIII, 335), 


+ C^HW.Cl = KCl + 




0=. 


With benzoate of potash it forms benzoic acetate: 


CWH^O- 
K 




C^H^O^.d = KCl + c'WO=j°“- 


and similarly with the salts of other acids (Gerhardt). With thiacetate 
of lead \see Appendix io Ethylene compounds), it forms chloride of lead, and 
probably aLo anhydrous thiacetic acid (Kekuie, Ann, Fharm, 90, 311): 


pb r 


c<H»o=,a - Pbci + 


p. Chlorine-nucleus CKJ1-H-. 

The so-called CMoride of FomyL C^CFH^. 

Eegkaelt (1838). Ann, Chim. Fhjps, 69, 155; also J.pr, Gh&m, 18,80. 

aUomre de Farmyie, CMormase (Uurent). — the radical-theory 

the existence of the hypothetical radical Formyl C-H, it regards this compound 
as thereby transferiing it, without any reason, from the ethylene to the 

wethflene series. 

The cwnpouad C^H’Cl’ (p. 194), is mixed with alcoholic potash; dis- 
tilled mto a receiver surrounded with ice; the distillate washed with a 
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small quantity of water to reinore tiie alcoliol; and rectified over 
ciiiorifle of caicinra. 

Colourless liquid of sp. gr. 1*250 at 15^: boils between 35" and 40^. 
Yapour-deii&itj = 3*321; bas an alliaceous odoiir^ like that of cbloride 
of acetyl; C*H=CL 


VoL Density, 

4C 21*0 24*79 . . 24*S6 C-vapour 4 .... 1*6640 

2H . 2-0 .... 2*07 ... 2*28 H-gas 2 .... 0'1386 

2 Cl .... 70-8 .. . 73*14 .... 76-92 Cl-gas 2 ... 4*9086 


C^CPH^ .. 96-8 .... 100*00 .... 100-06 Tapoui- of 2 .... 6-7112 

1 .... 3*3556 

The liquid becomes coloured by keeping, even when sealed up in a 
glass tube, and deposits a wljite, non-crystailine substance, wbicli con- 
tains 25*06 p.c. C and 2*32 H, and is therefore an isomeric modification. 
— When poured into a bottle filled with chlorine and exposed to light, it 
takes fire and deposits soot But if it be poured into chlorine in the 
shade and then exposed to daylight for 12 hours, it yields crystals of 
sesquichloride of carbon, C'^Cl®, and in sunshine is completely converted 
into that compound (Regnanlt): 

O^Cl-iP + 6C1 = +2HCI- 


BicMorinated Vmic Ether. C^H^CPO=C'CPH^O=:C^OCPH,H^? 

Mai/Aguti (183.9), A2i72, Ckim, jE^liys. 70, S3S; also Ami^ 

32, 15; also J,pr.CIiem. 18, 27. 

Chlorrlther. Bichlorvindiher, Ether sulfuri^ue clilontre. — Previously observed 
bv Berrhollet and by Liebig; compare Vi II, 183, 184, wliere the mode of formation is 
likewise given. 

Freparation. Chlorine gas washed by water and dried over chloride 
of calcium is passed by daylight into very pure ether, -which must at first 
be cooled somewhat below 0°. As soon as the absorption diminishes, 
hv'drodiloric acid gas mixed with v*apour of hydrochloric ether is evolved 
in such quantity, that the liquid would froth over if it were not cooled. 
The liquid is afterwards gradually heated, the temperature being at last 
raised to 90°, and chlorine passed through the liquid all the time. In 
this manner, after the passage of the chlorine has been continued for 
40 hours, a heavy, yellow*, fuming liquid is obtained, w’hich boils above 
100". It is freed from the more volatile admixtures by distillation at 
100^, and then carefully heated somew*hat above 100”, hut removed from 
the fire as soon as it shows any tendency to become darker and give ofi* 
hydrochloric acid, an effect which generally takes place between 135° 
and 142°. The residual acid, slightly fuming, and pungent-smelling 
liquid is washed with water continually renewed, till it exhibits a constant 
composition (whereupon it diminishes in bulk, becomes neutral, more 
viscid, specifically heavier, and acquires a more pleasant odour), then 
dried in vacuo over oil of vitriol and lime, and kept in a bottle to pre- 
serve it from contact of damp air, — A small quantity of chloral remains 
mixed with it. 

Tiansparent, colourless oil, of sp. gr. 1*5003. Smells and tastes like 
fennel. Neutral. 
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Malaguti. 

24-0 

.... 22*68 .. 

22*49 

3*0 

.... 2*84 .. 

.... 2-84 

70*8 

.... 66*92 .. 

67*50 

8*0 

.... 7*56 .. 

7*17 


C^H^Ci-O 105-8 .. . 100-00 100*00 


Decompositmis. I. Bicblorinated \anic etLer decomposes below its 
boiling pointj tnrning brown and giving off bydrocliioric acid gas, — 
2. Oil of vitriol converts ib evolution of hj-drocbloric acid, into a 
Mack piteliy mass. — 3. Hydrosulplinric acid gas passed tbrougli tbe 
iif|iiid sometimes exerts a decomposing action, sometimes not, and appa- 
rently under tlie same circumstances; when it acts, a slight rise of 
temperature and evolution of hydrochloric acid takes place, and a heavy 
oil insoluble in water passes over (a mixture of bisolphuretted vinic 
etherj and clilorosulphovinic ether C'^H^CISO, which crj-stallizes 

after several days) together wiili a liquid soluble in wmter, and having a 
very offensive odour. The <li>tillate is of siiiall amount, and is in- 
creased by heating the residue, but not much, because the residue soon 
becomes black and viscid: 


and 


C^H^Ci^O T HS = C-^H^CISO + HCIj 


Cdiscpo -r 2IIS = C^H3S-0 -i- 2HC1. 


4. Bicblorinated vinic ether immerse«l in water gradually disappears, the 
products of decomp^.sition dijisolving in the water. [Piobably as hydro- 
chlnnra-ul arctic aei.l ; - 3110 = + 2HCi.] —5. Bicblorinated 

vinic ether treated with a current of ammoniaeal gas, becomes heated to 
the boiling point, thickens and turns black, and gives off white vapours 
having a disagreeable einpyreiimatie odour. If the ether is dissolved in 
perfectly absolute alcohol, dry ammoniaeal gas produces merely a slight 
ccdourmg without further action; but if water be not completely excluded, 
sal-ammoniac separates out, and the liquid is afterwards found to contain 
acetate of ammonia: 

C^H-C;-0 + 3NH3 + 3HO = + 2NK-^CL 


6. Aqueous potash does not act immediately, but alcoholic potash quickly 
decomposes bicblorinated vinic ether, forming a precipitiite of chloride of 
potassium and a solution of acetate of potash: 

C^HWO + 3KO =: -r 2KCI. 

The chloral likewise present gives rise to the formation of a small 
c|iiaiitity of chlorofc»rin, which falls down as an oil on adding water to the 
cold mixture of bicblorinated vinic ether with alcoholic potash; this oil 
disappears on boiling, either before or after the addition of water, from 
fciTination of forinic acid. — 7. Potassium does not act in the cold on 
bicHorinated vinic ether contained in a receiver standing over mercury; 
but on the application of heat, it becomes covered with chloride of 
|»tassiam, and gives off a gas which burns with a green flame, and con- 
tains C. H, and Cl in the proportion of 44 : 5 : S5 (besides oxygen), and 
is therefore perhaps C^fPCIO = Wier somckloriire, L e. bichlorinated 
ether muius ILI [Ij (Malaguti). — S. Chlorine gas passed for some time 
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throtiL'li bichlorinated ether in the shade, even at 90’ to 95’, produces no 
alteration in it (Malaguti). In sunshine chlorine decomposes the com- 
pound, converting it into perchlorinated vinic ether (Regnault). 

cnt^ci^o -i- 6C1 = C-ICFO + 3HC1. 


Terchlorinated Hydrochloric Ether. 

C*H^Cl"=C‘CPH^Ci-=C‘ClSH= ? 


DreifachcJilorhaliiger ChlQi'waaserstoffdtker, Quadrichlormnafer, Eiker kydrochlo- 
rique irichlorure. 


Formed bj tlie farther action of chlorine on monochlorinated or 
bichlorinated hydrochloric ether exposed to light. [Its separation from 
these compounds depends upon its higher boiling point.] 

Liquid of sp.gr. 1 *530 at 17^. Boils at 102L Yapour density = 
5*799- In other respects it resembles monochlorinated and bichlorinated 
hydrochloric ether. — Heated with alcoholic potash, it yields a small 
quantity of chloride of potassium. ^ — By the further action of chlorine 
in sun&hine, it is conrerted into C^HCP, and afterwards into C^CP 


(Regnault), 

Reg^iault. VoU Density. 

4 C .. 24*0 .... 14*32 .... 54*24 C-vaponr 4 .... 1*6640 

2 li 2-0 .... 1*19 .... 1*24 il-gds 2 .... 0*1386 

4 Cl 141*6 .... 84*49 Cl-gas 4 .... 9*8172 


CUi-CiL... 167*6 ..., 100*00 Vapour of C^H-CP 2 ....11*6198 

1 .... 5*8099 


The so-called Perchloride of Formyl. 

C*H”-CI*= OCr-H* CP=C*CPH,HC1 ? 

Laurent (1836). Ann, Ghim. Fhys, 63, 377; also Ann, Fhami, 
22j 202; also J. pr. Chin. 11, 232. 

Regnault. Ann. Ghim. Fkys. 69, 162; also J, pr, Ckem. 18, 80. 

Perehlorure de Formyle, Chlortirede Chlorethiue (Laurent). iKeunelc], 

1. Chlorine gas previously washed and dried is slowly passed through 
chloride of ethylene contained in a Liebig’s bulb- apparatus, whereupon 
the liquid turns yellow, and continually gives off hydrochloric acid gas. 
On the following day, chlorine is passed through it less frequently, heat 
being applied at the same time; and on the third day, when crystalline 
lamince of C^CF begin to separate, the liquid is several times distilled to 
remove free chlorine and hydrochloric acid, the first portion of the dis- 
tillate, and also the last, which contains some crystalline matter, being 
set aside (Laurent). — 2. Chlorine gas is passed for a day through the 
liquid G^H^CP; half of it distilled over, the boiling point then rising from 
112^ to 135"; and chlorine again made to act on this more volatile half 
which is then united with the remaining more fixed half, and distilled, 
the boiling point rising quickly from 120° to 135", then becoming 
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statioBary, and finally rising to 140^. The compound vliich passes oyer 
at lS5^j is pure and must be collected apart (Begnault): 

CTI^CP -r 2C1 = Cm-Cl^ + 4HCL 


Colourless liquid, heavier then water, and having a peculiar aromatic 
odour (Laurent). Sp. gr. 1'576 at 19'. Boils at Yapoux’-density 

5'T6T. Smells like chloride of ethylene (Regnault). 





Laurent. 

Regnault. 


Yol. 

Density. 

4 C 

. 24*0 .. 

. 14-32 . 

... 14*3 .. 

.. 14-43 

C -vapour .... 

, . . 4 . 

1-6640 

2 H 

.. 2*0 

.. 1-19 . 

... 1-3 . 

. 1-23 

H-gas 

.... 2 . 

.. 0-1386 

4 Cl 

141-6., 

.. 84-49 

. 84-4 

... 84-32 

CLgas 

.. . . 4 ... 

.. 9 8172 


.. 167-0 . 

. 100-00 . 

.... 100-0 

... 99-98 

A^oiir of C^H-CH 2 .. 

1 .. 

11-6198 
.. 5-S099 


The compound burns with a green smoky flame (Laurent). Y"hen 
it is gently heated with pieces of hydrate of potash, a violent action 
takes place, attended with great evolution of lieat and formation of 
chloride of potassium, and an oil is given off, having a strong, peculiar 
odour, and probably consisting of C^HCik The same oil is obtained on 
boiling the compound with alcoholic potash, and then precipitating 
by water (Laurent). Alcoholic potash decomposes the compound, with 
evolution of heat, and precipitation of a large quantity of chloride of 
calcium, and yields when heate<l an alcoholic distillate from which water 
precipitates an oil, doubtless C^HCP, but which gives off hydrochloric acid 
gas, gradually even when left to itself, and immediately when distilled, 
and therefore cannot be analyzed (Regnanlt). — By the further passage 
of chlorine gas, the compound is converted into C^Ci®, and with peculiar 
celerity in sunshine (Regnault). 


7. Chlorine-nucleus C^CPIL 

Chloral C‘CPH,0=. 

Liebig. Ann. PImryn, 1, 189; also Pagg. 24, 252. 

Du3Ias. Ann. Chun, Fh^s. 5fl, 123; ahdr Fogg. 31, 657. 

Stadeler. Ann. Fhatm. 61, 101. 

CMomre CMoreikkp \^Xevinf&'j. — Discovered in li^S^bv Liebig; more minutely 
cxaioiiifd W 1 O 1 respect to its eonstiTuiion by Dumas. 

Foi^aiion. 1. By the action of dry chlorine on absolute alcohol 
(Till, 21 2,23 3). Dumas’ supposition that the chlorine first produces acetic 
ether, which is then converted into chloral by the farther action of the 
fliloriiie, is iinfouTidtHi: for acetic erher is not converted into chloral by 
elilcirine; moreover, perft-etly dry chlorine does not form acetic acid with 
absolute alcohol. It is more probable that the chlorine converts the 
alcohol into aldeliytle by abstractlMH of 2H: and in this compound, when 
water in absent, 3H are replaced by 3 CL But in presence of water, 
tlic elilorme takes from that compound, transferring the 0 to the 
aldehyile and forming acetic acid, which then with the undecomposed 
aieoliol, vieids acetic ether (Liebig, Fogg. 40, 299). — 2, By the action 
of chlorine on starch, grape-sugar, or common sugar (Stadeler.) 
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Trepay^ailon, L Clilorine gas is passed tlirongli absolute alcoliolj 
wliicli is kept cool at first, but afterwards raised to a contiiuiaily increas- 
ing temperature, as long as bjdrocliloric acid continues to form; the 
resulting hydrate of chloral freed from water, and a small quantity of 
alcohol by agitation with oil of Titriol (or by distillation over oil of 
vitriol: Dumas); and the decanted liquid rectified over lime (Liebig). 
— The chlorine is evolved continuously from a large retort or flasi; 
passed through a chloride of calcium tube to drj’' it; and then into 
a bent tube, the arms of which are short and parallel to each other, 
])iit somewhat oblique towards the middle, while that portion of the 
middle which is directed downwards, and contains the alcohol, is 
wude, long, and somewhat slanting, so that the chlorine, after arriving 
at the lowest part, is obliged to pass throuirh the oblique column of 
alcohol; from this the unabsorbed chlorine, together with hydro- 
chloric acid gas and vapour of hydrochloric ether, passes into two 
Woulfe’s bottles, and thence into the open air, so that the operator is 
not annoyed by it. At the commencement of the operation, the alcohol 
is cooled* by afFa.sion of cold water, to prevent it from taking fire and 
depoteiting soot; but afterwards, when the absorption of tlie chlorine 
diminishes, an<l the liquid assumes a yellow colour, it must be 
gradually heated, and ultimately nearly to the boiling point. 8 oz. of 
alcohol require the passage of the chlorine to be continued for 20 days, 
involving a consumption of 20 pounds of clilorine-inixture. The alcohol 
becomes continually thicker, acquires a higher boiling point, and is 
finally converted into a heavy syrnp, which, after standing for some 
days, solidifies coiiipletely to a soft -sybite crystalline mass, consisting of 
liydrate of chloral, together with a small quantity of hydrochloric acid 
and undecomposed alcohol: Cm e Hifd rate of Ckl oral. If a sample of 
the liquid, after being agitated with four times its volume of oil of vitriol 
and set aside, does not in a few hours form a solid stratum (of insoluble 
chloral) above the oil of vitriol, the pas^^age of the chlorine must be 
continued for a still longer time. The solidified crystalline mass is heated 
till it melts; briskly agitated with 4 to 6 times its bulk of oil of vitriol, 
w'hich does not heat or blacken it; left at rest till the dehydrated chloral 
has risen to the top of the oil of vitriol, a result which may be accele- 
rated by gentle heating; and the trausjiarent, colourless film of chloral 
immediately decanted by me.ms of a pipette. If the oil of vitriol con- 
tains rather more than 1 At. water, it is particularly necessary to decant 
as quickly as possible, before the chloral is thereby converted into inso- 
luble chloral. Lastly, the chloral is distilled over lime which has been 
slaked and subsequently ignited, to remove hydrochloric acid, care being 
taken to keep the whole of the lime below the surface of the liquid, as 
it will otherwise decompose the vapour and become red hot. In this 
manner, the chloral is obtained tolerably pure; but it still contains traces 
of water an<i alcohol, which maybe removed by repeated treatment with 
oil of vitriol, the chloral being each time rectified over lime. All these 
operations must be performed in well closed vessels (Liebig). — The 
quantity of salt and manganese required for the whole process, may also 
he introduced at once into a flask of 15 or 20 litres capacity, and the 
sulphuric acid gradually poured in through an S-tube. The chlorine is 
pasted tliroiigli bent tubes, first into an empty Woiiife’s bottle, wlierein it 
deposits the greater part of its water; then into a bottle filled with pieces 
of chloride of calcium; then again into an empty bottle, to prevent 
injury to the product in case of any of it passing backwards; and, lastly. 
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to the bottom of the flask containing the alcohol, from which the acid 
gases are conveyed by a long tube into the chimney. As soon as the 
alcohol begins to exhibit a yellow colour, it must be gently heated, and the 
temperature continually raised, a rapid stream of chlorine being kept up 
all the time, till it no longer acts on the liquid, even at a nearly boiling heat. 
In this process, 12 hours’ work suffices for 200 gnus, of alcohol, and S 
days at the utmost for 600 grms, — 250 grms. alcohol require at least 
1200 litres of chlorine gas, and give off about 1500 litres of hydro- 
chloric acid gas. — The crude hydrate of chloral thus obtained is mixed 
with twice its bulk of oil of vitriol, and immediately distilled, a process 
which goes on readily at a moderate heat, inasmuch as the chloral rises 
to the surface of the oil of vitriol; the distillation must, however, be 
interrupted before all the chloral has passed over. The distillate is then 
boiled, with a thermometer immersed in it, till the boiling point has risen 
to between 94^ and 95°, in order to free it from hydrochloric acid, ether, 
and perhaps also from alcohol. Tlie residue is then distilled as before 
over oil of vitriol, and the distillate again boiled. La^stly, it is rectified 
in a bath of saturated solution of common salt, with not too large a 
quantity of lime, which has been slaked and then burnt again, care being 
taken however that the lime is comple'ely covered by the liquid, to pre- 
vent the liquid from being set on fire: hydrate of chloral then remains 
behind, together with the hydrochloric acid, inasmuch as it is less vola- 
tile, and the distillate consists of pure chloral (Dumas). 

Hydrate of chloral may also be obtained by distilling absolute alcohol, 
previously saturated with hydrochloric acid gas, with excess of manga- 
nese and strong hydrochloric acid; or by distilling 3 pts. of absolute 
alcohol with 46 pts. of oil of vitriol, 32 pts. common salt, and 24 pts. man- 
ganese: this process, however, does not appear to be advantageous (Gm). 

2. Starch or sugar is distilled with hydrochloric acid and peroxide of 
manganese, and the chloral which passes over, purified (Stlideler). — • 
1 pt. of starch ('grape-sugar or common sugar) is added to 7 pts. of com- 
mercial hydrochloric acid, which must be as free as possible from sul- 
phurous acid; an equal volume of water added; the mixture gently 
warmed, till the paste (formed when starch is used), has become liquid; 
the liquid, when cold, introduced, together with 3 pts. of manganese 
and a small quantity of common salt (to fix the sulphuric acid produced 
from the sulphurous acid in the commercial hydrochloric acid), into a 
capacious flask; heated as quickly as possible to the boiling point; and 
the fire then completely removed. The mass swells up, giving off a 
large quantity of carbonic acid, and continues to boil for some time by 
itself. As soon as the ebullition slackens, it must be kept up by fresh 
application of heat, and the distillate collected, as long as it becomes 
turbid when mixed with tolerably strong potash-ley (in consequence ot 
separation of chloroform from the chloral). More hydrochloric acid is 
then repeatedly introduced into the flask by small portions, till the distil- 
late no longer smells of chloral or becomes turbid with potash. The 
watery distillate is carefully freed from the colourless oil-drops, heavier 
than water and smelling of chloroform, which are produced at the 
beginning of the distillation; saturated with common salt, in order to 
raise iis boiling point and retain the water; distilled again; the resulting 
distillate freed from a sulphur-yellow, very pungent-smelling oil; and 
distilled several times more with common salt, removing the oily drops, 
in order to obtain aqueous chloral as concentrated as possible, and as 
free as possible from the yellow oil, which greatly impedes the purifica- 
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tion of tbe cliloral, and thereby occasions loss. The removal of this oil 
is facilitated by supersaturating tbe distillate, before each successive 
distillation, with powdered chalk, which, during the ebullition, decom- 
poses a portion of the oil, but not the chloral. Idie concentrated chloral 
solution always, however, remains yellowish, in consequence of oil 
remaining in it, and becomes turbid when mixed with a small quantity 
of water, but regains its transparency on the addition of more water 
or when heated. It is supersaturated with dry chloride of calcium, 
and distilled in the oil-bath at 120°, whereupon the hydrate of chloral 
passes over as a colourless liquid, which soon solidifies, and consequently 
may stop up the neck of the retort, unless it be kept warm. If the dis- 
tillation be continued, the hydrate of chloral which then passes over, 
has a yellowdsh or brownish colour, arising from the presence of a pecu- 
liar oil, which passes over in oily drops simultaneously with water. 
The resulting hydrate of chloral mixed with four times its hulk of ml of 
vitriol and gently warmed, yields the chloral in the form of a colourless 
layer, which rises to the surface, whilst the oil of vitriol decomposes 
the oil which was mixed with the chloral, thereby becoming heated and 
blackened, and causing an evolution of hydrochloric acid. The stratum 
of chloral, after being removed by the pipette, retains only a small quan- 
tity of hydrochloric acid, to free it from which it is boiled for a while by 
itself, then rectified over a small quantity of oil of vitriol, and finally 
over lime (Stadeler). 

Properties. Thin, colourless oil, greasy to the touch; makes grease- 
spots on paper, which, however, soon disappear (Liebig). Sp. gr.= 
1'502 at 18"^. Boils at 94*4°, and may be distilled without change 
(Liebig). Vapour density=5T3 (Dumas). Has a peculiar pungent 
odour, and excites a copious flow of tears; has a greasy and slightly 
astringent taste (Liebig). Acts very strongly on the skin, especially 
when its boiling vapour comes in contact therewith (Dumas). Has no 
acid reaction, even when dissolved in water; neither does it precipitate 
a solution of silver (Liebig). 


Dumas. Liebig. Vol. Density* 

4C 24-0.... 10*30 . 16*62 . 18*10 C-vapour 4... 1*6640 

H LO .. 0*68 .. 0*78 . H-gas 1 .... 0*06U3 

.SCI 106*2 . 72*15 71*60... 70*24 Cl-gas 3... 7*3629 

2 0 16*0 . 10*87 11*00 11*66 O-ga.*, 1 ... 1*1093 


C'^HCiW 147*2 ..100*00.. 100*00 .100*00 Chloral-vapour 2 .... 10*2055 

1 .... 5*1027 

Aldehyde, in which 3 H are replaced by 3 Cl. 

Becoinpositions. 1. Chloral is, under certain circumstances, inclined 
to pass over into the isomeric modification of insoluble chloral. When 
not quite pure, it becomes turbid in a few days in close vessels, and 
deposits white flakes of insoluble chloral (Liebig). Even perfectly pure 
chloral kept in a close vessel, gradually exhibits this transformation 
(Regnault). When chloral is mixed with a smaller quantity of water 
than is required to form the crystalline hydrate, part of it solidifies in a 
few days to a white mass of insoluble chloral (Liebig). When chloral, 
not quite recently prepared, hut a few days old, is mixed with sufficient 
water to cause it to solidify in the form of hydrate, and the hydrate is 
left to stand for some time, the crystals of the hydrate no longer dissolve 
on the addition of more water, but are converted into white insoluble 
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flakes (Liebig). — When cliloral is left for some time in contact witli oil 
of vitriol containing rather more than 1 At. water, it is transformed into 
the insoluble modification. The mixture of crude hydrate of chloral 
(p. 202), with oil of vitriol, solidifies in a similar manner when left for 
some hours, either in a close vessel or exposed to the air (Liebig). — 
Pure chloral left in contact with six times its volume of oil of vitriol, is 
likewise converted, in the course of a night, into a white mass of inso- 
luble chloral (Dumas). 

Chlorine exerts no decomposing action upon chloral, even at the 
boiling point of that liquid and in sunshine (Dumas). 

2. Fuming nitric acid, if ultimately aided by heat, converts chloral 
into terchloracetic acul C^CPHO*; so likewise does a mixture of chlorate 
of potash and hydrochloric acid (Kolbe, An7i. Pharm 54. 184). 
According to Dumas, ordinary nitric acid does not act upon chloral, even 
when heated. 

3. Chloral may for the most part be distilled unchanged over oil of 
vitriolj only towmrds the end of the distillation is a slight decomposition 
indicated by the evolution of hydrochloric acid and blackening of the oil 
of vitriol (Liebig). When hydrate of chloral, but not dry chloral, is 
heated with oil of vitriol, part of the chloral passes over in the dehy- 
drated state, while the rest is converted, with evolution of hydrochloric, 
snlphurous, and a small quantity of carbonic acid, into cliloralide, 
(p. 207), (Stadeler). Hence to detect the presence of chloral in a liquid, 
the liquid may be concentrated by several distillations over chloride of 
calcium; heated for some time wdth six times its bulk of oil of vitriol to 
125"; diluted when cold -with a sixfold quantity of water, whereupon a 
mixture of cliloralide and carbonaceous particles separates out; and the 
mixture washed, pressed between paper, and exhausted with ether, 
which on evaporation yields crystals of chloralide: these crystals may 
be further purified by heating with oil of vitriol and recrystallization 
from ether, after which they may be recognized by their characteristic 
properties (Stadeler). 

4. Anhydrous metallic oxides, such as baryta, strontia, lime, cupric 
oxide, mercuric oxide, or peroxide of manganese, exert no action upon 
cliloral when that liquid is distilled over them. If howev^er the baryta, 
strontia, or lime be not quite covered by the chloral, or if either of these 
•substances be heated in the chloral vapour only to 100% it becomes red- 
hot, and is converted, wdlh evolution of carbonic oxide gas, into a metallic 
chloride mixed with finely divided charcoal (Liebig). A yellowish oil 
is at the same time evolved, and the metallic chloride is mixed with a 
brown substance (Dumas). — 5. Alkalis, either in the form of hydrates 
or dissolved in water, decompose chloral readily, even at ordinary tem- 
peratures, causing evolution of heat, and converting the chloral into 
chloroform w^hich sinks to the bottom as an oil, forniiute of potash, and 
metallic chloride (Liebig). The first products of the action are formiate 
of potash and chloroform, and a portion of the latter is further decom- 
posed into formiate of potash and metallic chloride (Dumas): 

C^HCF02 HO,KO = C^HKO^ + C-HCP; 

and 

C-HCF + 4KO = C^HKO^ + SKCl 

6. The vapour of chloral passed over red-hot iron yields carbonic 
oxide and chloride of iron covered with charcoal (Liebig). — 7. Potas- 
sium in contact with chloral yields hydrogen gas, and produces a resinous 
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body from wliicb water extracts potash and chloride of potassium 
(Lowig, Fogy^ 43; 624). 

Combinations. With Water, a. Hydrate of CM oral. Chloral 
shaken up with a small quantity of water combines with it immediately; 
causing evolution of heat; and solidifies in a few seconds to a white, 
opaque, crystalline mass. A few drops of chloral spread over a vessel 
the air of which is not quite dry, soon become covered with niiiuerous 
stellate crystallisations of the hydrate. A mixture of equal volumes of 
chloral and water, the formtition of which is attended with evolution of 
heat, yields by evaporation rhombic crystals of the hydrate, which 
evaporate V hen exposed for some time to the air. The vapour-density 
of hydrate of chloral is 2 76 (Dumas). 


Dumas. Vol. Density. 

4 C 24-0 . . 14 53 .... 14*51 C-vapour .. 4 .... 1*6640 

3 H 3-0 .... 1*82 .... 1*79 H-gas .. . 3 .... 0*2079 

3 Cl 106*2 ... 6i*28 ... 63*12 CLgas 3 .... 7*3{i29 

4 0 32*0 ... 19*37 ... 20*58 0-gas ... 2 . 2*21SG 


C^HCPO- + 2Aq 165*2 .... 100*00 .... 100*00 Vapour .... 4 ... 11*4534 

1 .... 2*8633 

h. Aqueous Chloral. Chloral dissolves readily and ahuiidantly in 
water. The hydrate mixed with a small quantity of water is imme- 
diately converted into oily drops which dissolve when heated. The 
solution smells of chloral and has no particular taste. As it does not 
reduce mercuric oxide at a boiling heat, it must contain the chloral in 
the undecomposed state (Liebig). 

Chloral, especially with the aid of heat, readily dissolves phosphorus, 
sulphur, iodine (the latter with purple colour) and bromine (Liebig). — 
Chloral absorbs a small quantity of chlorine gas, acquiring thereby a 
yellow colour (Dumas). 


Insoluble Chloral. 

For the literature vid. Chloral, p. 200. 

UnlosUches Chloral, Chloral imoluhle. — Discovered by Liebig. 

Formation, (p. 201). According to Stadeler, it is only the insoluble 
product formed from soluble chloral, either alone or with the aid of 
water, that constitutes the true insoluble chloral, the product obtained 
by the action of sulphuric acid upon chloral, being a mixture of chioralide 
and insoluble chloral. But the formation of chioralide seems to require 
the aid of heat; Liebig and Dumas performed the process at ordinary tem- 
peratures. The infiisibility of the products which they obtained, and the 
insolubility of the same products in alcohol and ether, are unfavourable to 
Stadeler’s supposit^ion. 

Preparation. .1. Pure chloral prepared by Dumas’ method is left to 
itself in a closed vessel till it is converted into a white amorphous por- 
celain-like mass insoluble in water (Regnault, An 7 i. Chim. Phys. 71, 
409; also Ann. Pha?m. 34, 36; J. pm Qhem. 19, 280). The small quan- 
tity of residual liquid behaves like insoluble chloral — 2. Chloral is 
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mixed witli a quantity of water less than sufficient to form the hydrate 
(Liebig). - — a. The solidified mass is completely freed from soluble 
chloral by repeatedly pouring water on and off it, till it no longer 
exhibits any acid reaction, after which it is dried over chloride of calcium 
(Stadeler). — h. The mass a is further heated for a short time to a teni' 
perature between 100^ and 120^^, till the hydrate of chloral is volatilized 
(StMeler). — 3. Crude hydrate of chloral (p. 202) mixed with four times 
its weight of oil of vitriol, and set aside for some hours, either in an open 
or in a closed vessel, solidifies to a porcelain-like mass which is freed from 
unaltered chloral and from sulphuric acid by washing with hot water 
(Liebig). For whatever time the washing may be continued, the liquid 
w^hich runs off still exhibits an acid reaction, perhaps in consequence of 
gradual decomposition (Liebig). — 4. Chloral left over-night in contact 
with a six-fold quantity of oil of vitriol, solidifies to a white opaque mass, 
which, after a few days, is to be diflTused in water, triturated, thrown upon 
a filter, washed wdth boiling water, and dried (Dumas). 

JBroperties. Insoluble chloral (3) is a snow-white powder which 
volatilizes slowly in the air, emitting a faint, peculiar, ethereal odour 
(Liebig)* (4) volatilizes slowly in vacuo (Dumas). 


Regnault. Stadeler. Liebig. Dumas. 

(1) (2, a) (2, h) (3) (4) 

4 C 24*0 ... 16*30 ... 16*27 .... 16*55 .... 16*33 .... 17*64 .... 17*76 

H 1*0 .. 0*G8 .... 0*98 .... 0*98 . 0*89 .. 1*17 .... 1*14 

3 Cl 106*2 .... 72*15 .... 70*90 .... 71*54 .... 71*54 .... 67*10 .... 67*74 

2 0 16*0 .... 10*87 .... 11*85 .... 10*93 ... 11*24 ... 14*09 .. 13*36 


C4HCFO- . .. 147*2 .. 100*00 .. .100*00 ...100*00 ....100*00 ... 100*00 ... 100*00 

The compound is therefore isomeric with soluble chloral. The analyses made by 
Liebig and Dumas lead to the suspicion that their products were contaminated with 
chioralide j but the observed insolubihty of the same in alcohol and ether points to a 
contiary conclusion. 

Decompositions. 1 . When insoluble chloral (3) is distilled, a viscid 
product is obtained resembling soluble cbloral, but solidifying again 
after a while (Liebig). Insoluble chloral (4) heated to 150° and even 
to 200^, does not melt, but yields a very volatile distillate crystallizing 
like hydrate of chloral, and leaves a trace of charcoal (Dumas). Inso- 
luble chloral (1) heated iu the oil-bath to between 200° and 250°, distils 
over in the form of perfectly pure soluble cbloral (Regnault). Insoluble 
chloral (3), when properly dried, may he converted without loss into 
soluble cbloral by distillation at 180° (Kolbe, Ann. Fharm. 54, 133); — 
2. Insoluble cbloral (3) is decomposed by nitric acid, slowly and with 
effervescence (Liebig),* like soluble cbloral, it is converted by fuming 
nitric acid into chloracetic acid (Kolbe). On the other hand, it is not 
attacked by a mixture of hydrochloric acid and chlorate of potash (Kolbe). 
— 3. When (3) is distilled with oil of vitriol, the greater part of it passes 
over as transparent and colourless soluble chloral, which however, after 
some hours or days, again solidifies to a white mass: but hydrochloric 
acid likewise passes over, and the residue tarns black (Liebig). — 
4. The product (3) dissolves in aqueous alkalis, and is completely decom- 
posed, with production of an alkaline formiate and chloroform; the quan- 
tity of the latter is smaller in proportion as the alkali is more concentrated. 
When (3) is fused with hydrate of potash, very little or no chloroform is 
obtained, but, in the latter case, a substance which dissolves with brownish 
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colour in the alkali (Liebig). The product (4) behares with alkalis 
like soluble chloral (Dumas). 

Insoluble chloral (3 and 4) is insoluble in cold water and dissolves 
very sparingly in boiling water (Liebig, Dumas) . — It does not dissolve 
in alcohol or ether, eveu at a boiling heat (Liebig, Dumas). 


A-ppendijD to Chloral, 

CMoralide. 

Stabeler. Ann. Pharm. 61, 104. 

Formation. Hydrate of chloral dissolv'-es with tolerable facility in oil 
of vitriol ; the solution when slowly and gently heated, gives off sulphu- 
rous acid and a small quantity of carbonic acid, together with undccom- 
posed hydrochloric acid, and without blackening, becomes covered with 
white crystalline chloralide. As the evolution of hydrochloric acid gra- 
dually diminishes, the chloialide separates out in soft shining needles, 
uncontamiiiated wdth any trace of an oily product. — Stadeler, who 
assigns to chloralide the formula and regards the formation 

of the oil as unessential, gives the equation: 

4C‘^HC1302 + 4HO = Cm^CW + 6HC1 + 6CO. 

It is true, he did not actually observe the presence of carbonic oxide; but 
he suggests that it may have been converted by the sulphuric acid into 
sulphurous and carbonic acid [he however obtained but a small quantity 
of carbonic acid]. — [If we assume for chloralide the formula C®H“CP0®, 
the equation is: 

2C-^HCF02 -f HO = CSHWO^ + HCl]. 

Water appears to be essential to the formation of chloralide; for anhydrous 
chloral may be distilled without decomposition over a small quantity of 
oil of vitriol, without leaving any residue of chloralide (Stadeler). 

Preparation, 1 vol. hydrate of chloral is heated in a retort with 4 
or 5 vol. pure oil of vitriol, gently at first, but afterwmrds in the oil-bath 
to 120° — 130°, as long as chloral continues to pass over — the mixture 
being several times briskly shaken during the operation; the chloral 
reconverted into hydrate by the addition of a small quantity of water 
and poured back upon the residue when cold; the mixture redistilled 
between 120° and 130°; the distilled chloral again converted into hydrate, 
poured back again, &c. &c., till the evolution of gas has nearly ceased, 
and the chloral no longer distils over, but is converted into chloi’alide, 
and floats on the oil of vitriol as a transparent and colourless layer, 
which solidifies, even above 100°, to a snow-white crystalline mass. The 
contents of the retort when cold are poured into a funnel loosely stopped 
with asbestus; the chloralide which remains there exposed for some time 
to the air, so that the adhering oil of vitriol, being diluted by the 
moisture of the air, may more easily run off, — after which the chlo- 
ralide may be washed with water, without fear of heating, till the w^ash- 
water no longer reddens litmus. The crystals are then pressed between 
paper, dissolved in ether, and the solution diluted with half its volume of 
strong alcohol, and left to crystallize by spontaneous evaporation. The 
resulting crystals are still contaminated with an oil, to free them from 
which they are sepiirated from the mother-liquid, redissolved in alcohol, 
the solution mixed with ether, left to crystallize, &c., till the crystals 
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appear quite iiarJ and regular, and melt between 11 and 1 1 4'^. Tlie 
several motlier-liquors run off during tliose processes yield more crystals, 
wliicli may be purified in a similar manner by recrystallization. 

Projmiies. Small, transpaieut, colourless, prismatic crystals, baying 
a vitreous lustre, and united in stellate groups. Tlie crystals are oblique 
rectangular prisms belonging to tbe singly oblique prismatic system, and 
liaving tbe obtuse lateral edges truncatetl. Tbe compound melts to an 
oil between 112° and 1 LT'', and solidifies again to a crystalline mass 
between 106^ and 105°. Cliloraldide still contaminated witb tbe above 
mentioned oil melts below 100^, and solidifies in a less distinctly crystal- 
line form, often even amorphous. It boils at 200", and may be distilled 
over wntbout decomposition. In tbe cold it smells but slightly; but when 
heated, it gives off a strong pungent odour like that of chloral. Taste- 
less by itself, but tbe alcoholic and ethereal solutions have a shaiq*), caustic 
taste. 

Calculation, according to Sladelei*. 



10 C 



. G0*0 . 

.. 18*61 



2 H 



2 0. 

0*62 



G Cl 



.. 212*4 . 

... 65 88 



6 O 


48*0 . 

14*89 






322*4 . 

. 100*00 






Stiideler. 



Calculation, aecordin 

g to Gm. 

a. 

b. 

c. 

8 C ... 

G4 ... 

17*98 .. 

. 18*74 . 

.. 18*55 . 

20*0 

2 H. 

2 .. 

0*75 .. 

.. 0*79 . 

. . 0*75 .... 

0*9 

5 CL 

177 . 

60*29 . 

. 60*46 

.. 65*93 


5 0 

40 ... 

U*98 . 

14*01 

.. 14*77 


C^H'-CPO'" 283 .... 

100 00 .. 

100*00 . 

... 100*00 



[The cbloralide a analysed by Stadtler was the purest; b had been less completely 
freed from the oil by a smaller number of ciystallizations , and c had been crystallized 
still less frequently. Did a likewise still retain some of tbe oil, and therefore yield 
somewhat too much caibon ?] 

Decompositio7is* Cbloralide when set on fire burns with a very bright 
flame, green at tbe lower edge. — In a warm aqueous solution of potash, 
it is resolved into chloroform and formiate of potash: 

Ci^'H-Cl'’>0« 4- 3HO + 3KO = 2C-HCP + 3CTIKOL 

[or: 

+ 2HO + 5KO - C-HC13 + 3C-HKO^ + 2KCI; 
in this case, however, chloride of potassium should be formed, and the 
decision of this question would likewise show which of the two formulm, 
C“H“CPO® or C®H“CP0® (neither of which indeed is very probable), 
should be preierred."] An alcoholic solution of cbloralide, treated with 
alcoholic potash, yields nothing hut formiate of potash and chloride of 
potassium, because the chloroform is at the same time converted into 
formiate of potash and chloride of potassium. — An alcoholic solution of 
cbloralide does not act upon a solution of nitrate of silver till heated, and 
even then gives only a faint white cloudiness; when mixed with a small 
quantity of silver-solution, and then with a drop of ammonia, it yields a 
precipitate of chloride of silver. 

Cmiipoimds. Cbloralide is insoluble in water, dissolves readily in 
ether, sparingly in cold, and abundantly in boiling alcohol, from which it 
crystallizes on cooling, in snow-white, microscopic crystals (Stadeler). 
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Terchloracetic Acid. cracPO^=:iC^CPH,0^. 

Dumas. J. Ghim. 'tned. 6, 659; also Pliarm. 82, 101; also J". j9n 
Ckem. ITj 202; abstr. Fogg. 20, 166. — Ann Chim. Fligs. 7B,75. 
Melsens. N. Ann. Chim. Phys. 10, 233; also JF. J. Fharm. 5, 281; 
also J. pr. Ghem. 26, 57. 

Malaguti. ISF. Ann. Ghhn. Phys. 16, 10; abstr. Compt. vend. 19, 578. 
Kolbe. Ann. Fharm, 54, 182. 

Tr icMoressiffsdure, Chloi'essiysdin'e^ Chlay'oxalsaure, O.ralacichlorid (Berzelius'), 
ChlorJcohlenoxaJsdare (Kolbe), Acide cliloraQetiqiie, Actde chloroxaUqiie. — Discovered 
by Dumas in 1830. 

Formation. 1. By tbe action of dry chlorine gas on glacial acetic 
acid in sunshine (Dumas): 

CnDO^ + 6C1 = C-iHCDO^ + Slid. 

2. In the oxidation of soluble chloral by a mixture of hydrochloric acid 
and chlorate of potash, and of soluble or insoluble chloi’al by fuming 
nitric acid (Kolbe): 

C-^ITCl-O^ + 20 == CmCPOK 

8. By the action of chlorine gas in sunshine on protochloride of carbon 
covered with a layer of water (Kolbe): 

dCD + 4HO + 2C1 = CmCW + 3HCL 

Part of the C^CD is at the same time converted into C^Cl®. — 4. In the 
decomposition of chloraldehyde by water (Malaguti): 

C^CD02 + 2HO = dHCW + HCl. 

5. In the decomposition of perchlorinated formic ether (C^CP0,C^C10^) 
by water (Cloez, F. Ami. Ghim. Phys. 17, 300): 

+ 4HO == dliCPO^ + 2CO- 4- 3HC1. 

Preparation. 1. When glacial acetic acid is introduced into a number 
of bottles of 6 litres capacity, 5*4 grin, into each, and the bottles filled 
with dry chlorine gas, closed with their stoppers, and exposed to the 
sun, they appear on the following day coated with crystals ]of terchlor- 
acetic acid and a small quantity of oxalic acid. In very hot weather, an 
explosion may take place after a while, but this rarely happens. One of 
the bottles is then opened, whereupon a mixture of hydrochloric acid gas, 
with a small quantity of carbonic acid and a suffocating vapour escapes 
with force; exposed for some hours to the air, till the gaseous mixture is 
completely expelled; and w.ashed out with 30 or 40 grni. water, which is 
afterwards used to wash out all the other bottles, so that with 15 or 20 
bottles, a concentraited solution of terchloracetic acid is at once 
obtained, mixed, however, with hydrochloric acid, niulecomposed acetic 
acid, and oxalic acid. When this solution is evaporated in vacuo over 
oil of vitriol and hydrate of potash, water, hydrochloric acid, and part 
of the acetic acid escape, and the solution then yields crystals, first of 
oxalic, and afterwards of terchloracetic acid. The mother-liquor distilled 
with dry phosphoric acid, whereby the oxalic acid is decomposed, yields 

VOL. IX. P 
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a distillate, first of acetic acid, tlien, on changing tlie receiver, of tercUor- 
acetic acid, whicli soon solidifies to a crystalline mass. Lastly, tlie 
crystals must be left for some Hours in vacuo on several sheets of white 
blotting paper, so that the admixed acetic acid may soak into the paper 
(Dumas), 

2. Insoluble chloral is treated with fuming nitric acid, and the action, 
which is at first attended with rise of temperature and abundant evolution 
of red fumes, is afterwards assisted by the application of a gentle heat, 
till the flakes of insoluble chloral have completely disappeared; the 
excess of nitric acid distilled off for the most part; and the remaining 
portion left to evaporate in vacuo over oil of vitriol and hydrate of 
potash. Crystallized tercliloracetic acid then remains, free from nitric, 
acetic, and oxalic acid, hut generally retaining traces of chloral, which 
greatly impedes the preparation of pure salts of tercliloracetic acid 
(Kolbe). 

3. Protochloride of carbon, C^CP, is placed in a bottle filled with 
chlorine gas, covered with a film of water, and exposed to the sun, 
whereby, besides C^Cl®, there is formed an aqueous solution of terchlor- 
acetic acid, whicli may he obtained in the c^ 3 ^stalline state by evaporation 
in vacuo over oil of vitriol and lime (Kolbe). 

4. Chloraldehyde is dissolved in water; and tlie solution containing 
hydrochloric acid, evaporated in vacuo over oil of vitriol and hydrate of 
potash, whereby tercliloracetic acid is obtained in beautiful crystals 
(Malaguti) . — For this purpose, dry ether is saturated in sunshine with 
dry chlorine gas, the products of which action are either sesquichloride 
of carbon and chloraldehyde, — in which case, the liquid is warmed to drive 
oflf the free chlorine, then mixed with water and filtered from the C^CP, — 
or else, perchlorinated vinic ether, which is converted by distillation into 
C^CP and chloraldehyde, and the latter decomposed with water as above 
(Malaguti). 

Fro^mties. Colourless rhombohedrons. Melts above 46°, and in 
cooling begins to solidify at 45°, whereupon, if the mass be shaken, the 
temperiitnre rises to 46°, which is therefore the melting point. In the 
fused state, it lias a density of 1-617 at 46°, that of water at 15° being 
1*000. Boils between 195° and 200° wdthout any decomposition, and 
sublimes in the form of a silvery crust. Vapour-density = 5*0. It came 
out too low, because at the high temperature which was necessaiy, a small quantity of 
hydrochloric add was produced. — The acid smells faintly at ordinary tempe- 
ratures, but when heated till it volatilizes, emitting a pungent and suffo- 
cating odour. Has a caustic, sour taste, and makes the tongue white, 
like peroxide of hydrogen. It destroys the cuticle, causing it to peel off 
on the following day, and if left for some time on the skin, produces 
blisters. It reddens litmus strongly, but does not bleach it, even after a 
considerable time (Dumas), 



Crystallized. 


Dumas. 


VoL 

Density. 

4C 

.. 24*0 .... 

14*71 . 

... 15*50 

C-vapour . 

... 4 .. 

.. 1*6640 

H 

1*0 .... 

0*01 . 

... 0*75 

H-gas 

... 1 .. 

.. 0*0693 

3 Cl 

.. 106-2 .... 

65*07 . 

... 63*75 

Cl -gas 

... 3 .. 

.. 7-3629 

4 0 

.. 32-0 ... 

19*61 

.. 20*00 

0-gas 

... 2 .. 

.. 2*2186 

C<CPH,0* 

163*2 .... 

100*00 . 

... 100*00 

Vapour 

.... 2 .. 
1 .. 

... 11*3148 
.. 5-6574 


^ The quantity of chlorine obtained was too small, in consequence of the presence of 
acetic acid (Dumas). 
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Decom'posiiions. 1. When tlie acid is lieated with oil of vitriol, part 
of it distils over unchanged^ and crystallizes in rliomboliedrons; the rest 
is resolved into hydrochloric acid, carbonic acid, and carbonic oxide 
(Dumas). [Perhaps in this manner: C^HCPO^d- 2H0 = 3HC1 + 2C0 -f 
2CO“]. — 2. When it is heated with excess of potash-solution, ebullition 
takes place, continuing after the vessel has been removed from the fire; 
the first products of the action are chloroform and carbonate of potash; 
but on further boiling with the alkaline liquid, the chloroform is resolved 
into formiate of potash and chloride of potassium (Dumus). — First: 

+ 2KO - 2(KO,CO-) + C^HCP; 

then : 

C-HCP + 4K0 = C-HKO'i + 3KC1. 

When the acid is boiled with baryta-water, carbonate of baryta is preci- 
pitated and carbonic acid [chloroform] evolved (Dumas). — 3. The acid 
boiled with excess of ammonia, is resolved into carbonate of ammonia 
which sublimes, and chloroform which sinks down as an oil (Dumas) : 

+ 2NH3 = 2(NH3,CO-) + CTICP. 

4, Aqueous terchloracetic acid, or either of its salts dissolved in 
water, is decomposed by potassium-amalgam (1 pt. potassium to 150 pts. 
mercury) with evolution of heat, and reconverted into acetate of potash 
(Alelsens): 

[C'^CPKO-^ + 3HO + 6K =: + 3KC1 + 3KO]. 

If the amalgam is not in excess in proportion to the acid, no hydrogen is 
evolved. The clecoinposition is soon completed. If the resulting potash 
be then saturated with carbonic acid gas, the solution evaijorated to 
dryness, and the residue treated with alcohol, the alcohol extracts acetate 
of potash, leaving a mixture of chloride of potassium with carbonate of 
potash. Antimonide of potassium, or potassium alone, or zinc with 
sulphuric acid, does not effect the transformation, but causes an evolution 
of hydrogen gas (Melsens). — If instead of 6 At. potassium, only 3 At. 
be used in the form of potassium-amalgam, no acetic acid is produced, 
but apparently an acid containing a smaller quantity of chlorine than 
terchloracetic acid. Zinc dissolves in aqueous terchloracetic acid, and 
forms, besides chloride of zinc, a zinc-salt which appears to contain the 
otherwise unknown acid C'^CPH“0^. Terchloracetic acid is also reduced 
to acetic acid in the galvanic circuit of a two-pair Bunsen’s zinc-carbon 
battery, with electrodes of amalgamated zinc (Kolbc, YII, 297). 

Comhinations, The acid deli(][nesces in the air, and dissolves very 
readily in imter (Dumas). 

Tei'cliloraceiate of Ammonia. — The aqueous acid saturated with 
ammonia, and evaporated at ordinary temperatures, either in vacuo or in 
the air, yields crystals (Dumas). — The salt is likewise produced wdien 
chloracetamide is brought in contact with aqueous ammonia or very dilute 
nitric acid (Malaguti, Cloez). Crystallizes in beautiful prisms; melts 
at 80®; boils between 110° and 115*^, giving off vapours of chloroform 
and carbonate of ammonia, the latter appearing in peculiar abundance at 
145°; and solidifies at 160'^ in yellowisb, micaceous scales of anhydrous 
terch lor acetate of ammonia, which are tasteless, dissolve readily in water, 
and give off ammonia wdien treated with potash, even in the cold. At a 
higher temperature, these scales fuse, and are resolved into carbonic oxide, 
phosgene, and sal-ammoniac vapour (Malaguti). 

p 2 
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Decomposition of tlie crystallized salt: 

C4NHSCF08 = C-HCP + NH^O,2C02,HO + 2liO. 
Decomposition of tlie residual anliydrous salt: 

CmWCW =« 2CO + 2CC10 + NH^Cl. 


4C 

Dehydrated in mcuo, 
24-0 .. 

.. 13-32 ... 

Dumas. 
13-5 

N 

14-0 .. 

.. 7-77 


4H 

4-0 .. 

2-22 ... 

2-2 

3 Cl 


.. 58*93 


40 

32-0 .. 

.. 17-76 



180-2 100-00 


4C 

Air-dried'^crystals, 
24-0 .. 

. 11-10 ... 

Dumas. 
10-4 

N 

14-0 .. 

. 6-48 ... 

6-5 

8 H 

8-0 .. 

. 3-70 ... 

4-2 

3 Cl 

106-2 .. 

. 49-12 


8 O 

64-0 .. 

. 29-60 



C^(CP,NH^)0^ + 4Aq 216*2 .... 100*00 

Dumas supposes tlie salt to contain 5 At. water of crystallization ; Malaguti 4 At. 

Tercliloracetate of Fotasli, — The aqueous acid neutralized with car- 
bonate of potash yields by spotaneous emporatioii, silky needles, which 
decompose with a kind of detonation when gently heated, and absorb 
only a small quantity of water when exposed to damp air (Dumas). 

Crystallized, Dumas. Kolbe. 

KO 47-2 .... 22-43 23 00 22 34 

4C 24-0 .... 11-41 11-06 

H 1-0 .... 0-48 070 

3 Cl 106-2 .... 50-47 

4 0 32-0 .. . 15-21 


C^CFKO^ + Aq 210-4 .... 100-00 

The Baryta and Lime salts are neutral and dissolve very readily in 
water (Dumas). 

TercJilor acetate of Silver, — Recently precipitated oxide of silver 
immersed in the aqueous acid is converted into grey laminm which 
dissolve in a larger quantity of water, and crystallize therefrom by evapo- 
ration in vacuo over oil of vitriol, and in the dark, in crystalline granules 
and laminse. — The salt is very readily decomposed by light. When 
heated on a sheet of paper, it detonates violently, giving off the same 
odour as terchloracetic acid when it evaporates, and leaves vegetations of 
pure chloride of silver. If it be moistened with alcohol and the alcohol 
set on fire, it decomposes more quietly, and without projection (Dumas). 



Crystallized. 


Dumas. 

Kolbe, 

Leblanc. 

Ag 

108-0 

... 39-97 .. 

.. .. 39-99 

.... 39-6 .... 

.... 39-80* 

4 C 

24-0 

... 8-88 .. 

8-95 

.... 8-9 .... 

.... 9-05 

3 Cl 

106-2 . 

... 39-31 




4 O 

32-0 

n-84 




H 



0-08 . 


A 


C-^CFAgO^ 

270-2 . 

.. 100-00 





^ In Fel. Leblanc's memoir (iVl Ann, C7tim. Phys, 10, 199), the proportion of 
silver is given as 29.80 p.c., doubtless by a misprint. 
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Quadrichlorinated Hydrochloric Ether. 

c*HCp=c*crH,cr-=c*ci*,Hci ? 

Eegnatjlt (1839). Ann. Qhim. Phys. 71, 355; also Ann. Pharm. 83, 
32 1; also J. fr, Ghem, 10, 204. 

QuinticMorvlnafer, Vierfachchlorhalfiger ChlorwasserstoffatheTf Ether hydro- 
chlorique quadrichlorure. 

Formed by tlie further action of chlorine in sunshine on mono-, hi-, 
or terchlorinated hydrochloric ether, hut cannot well he obtained quite 
pure, inasmuch as, if too little chlorine he used, terchlorinated hydro- 
chloric ether remains in the product, and too much chlorine gives rise to 
the formation of sesquichloride of carbon, which remains dissolved in the 
quadrichlorinated hydrochloric ether, and separates out by spontaneous 
evapoi'ation in white flakes. 

Quadrichlorinated hydrochloric ether, in its greatest possible state of 
purity, has a density of 1’644, and boils at 146^; its vapour density is 


6*975. 


Regnault. 


Vol. 

Density. 

4 C .... 24 . 

.. 11*88 ... 

12*42 

C-vapour 

4 

.... 1*6640 

H .... 1 . 

... 0-50 ... 

0*70 

H-gas 

1 

.... 0*0693 

5 Cl.... 177 . 

. 87-62 


Cl-gas 

5 

.... 12*2715 

C^HCP 202 . 

... 100*00 


Vapour of C-^HCP 

2 

.... 14-0048 




1 

.... 7-0024 


This compound heated in a retort with alcoholic potash immediately 
deposits chloride of potassium, and yields a distillate from which water 
precipitates an oil, whose composition varies according to the number of 
times it has been distilled with alcoholic potash. — Potassium exerts no 
action upon it in the cold, but on the application of heat, produces violent 
explosion and separates charcoal. — By further treatment with chlorine, 
the compound is converted into C^CP (Begnault). 


Hydrochlorate of Chloretherose. C^HCP=C^CPH,CP=C*C1:‘,HCL 

IsiD. Pierre. Abstr. Goin-pt. rend. 25, 430. 

Chlorhydrate de Chloritherose \_KeviniJc']. 

Obtained by passing chlorine gas through Dutch liquid (C^IDCP). 
Liquid at O'; of sp. gr. 1'662T; boils at 153-5'" under a pressure of 
0 763m. Yapour-density (determined at 208-6^) = 7*087. Has a toler- 
ably agreeable odour, like that of honey; tastes sweet and warm, but 
much less so than Dutch liquid. 

Alcoholic potash decomposes it instantly, and with great evolution of 
heat, yielding protochloride of carbon (C^OP), chloride of potassium, and 
water (PierreJ: 

C^HCP + KO = C^CP + KCl + HO. 
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4 C 

.. 24 . 

... 11*88 .. 

Pierre. 

. 11*75 

C-vapour 

Vol. 

... 4 ... 

Density. 
.. 1*6640 

H 

1 . 

. . 0*50 . 

.. 0*60 

H-gas 

. . 1 ... 

0*0693 

5 Cl .. . 

,. 177 . 

. . 87*62 . 

. 87*59 

Cl-gas . .. 

. . 5 .. 

12*2715 

C^CFH ... 

... 202 . 

. 100*00 .. 

.. 99 94 

Oil- vapour .... 

, .. 2 

,. 14*00 18 





1 .. 

. 7*0024 


Quadrichlorinated Hydrosulphuric Ether. 

0'HC1‘S=C‘CPH,C1S ?=C*CP,HS ? 

Eegnault (1839). Ann. OUm. Phjs. 71, 406; also Ann. Pharm. 84, 

34; also J. pr. Chem. 19, 278. 

Quad7'ichlor-Schivefelmiqfe7\ Ether liydrosulfmnqiie quadrichlorure. 

Obtained by saturating hydrosulphuric ether with dry chlorine gas; 
exposing it to daylight as long as hydrochloric acid gas continues to 
escape; again saturating with chlorine gas; exposing the liquid to the 
sun; and repeating this treatment with chlorine and exposure to the sun 
till the liquid, after being saturated with chlorine, gives off no gas on 
exposure to sunshine for several days. The oily product is then placed 
for 24 hours in vacuo over strong potash. 

Yellow oil, of sp. gr. 1*673 at 24°; boils at about 160^, but with 
decomposition, and consequently with browning and evolution of hydro- 
chloric acid. Has an extremely disagreeable and persistent odour 
(Regnault). 





Eegnault. 

4 C 

.. . . 24*0 . 

... 13*14 ... 

12*70 

4 Cl 

. ... 141*6 . 

... 77*55 ... 

76*48 

H 

1*0 . 

0*55 ... 

0*87 

s 

. .. 16*0 . 

8*76 

9*95 

C^CUHS 

182*6 . 

... 100*00 ... 

100*00 


0 . Clorine-nucleus O^Ci^. 

ProtocMoride of Carbon. C^CP. 

Faraday. Phil Trans. 1821, 47; also Ann. Phil IS, 104; abstr. Ann. 

CImn. Phys. 18, 48; abstr. N. Tr. 6, 1, 273. 

Eegnault. Ami. Churn Phys. 70, 104; also Ami. Pharm. 30, 350; also 
J.pr. Chem. 17, 229. --Ami. Chim. Phys. 71,372; SihoAnn. Pharm. 
S3, 324; also J.pr. Chem. 19, 207. 


Einfach^Chlorkohlenstoff, KohlencMorid, Protochlorure de Carlone, Chloretime 
(Laurent), [U/ftzji-]. — Discovered and examined by Faraday in 1821. 

Formatio7i. — l. By the decomposition of sesquichloride of carbon, 
C^CP, at a red heat (Faraday) : 

C-^Cls = C-^CD + 2CL 
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2. In tlic decomposition of the same compound by an alcoholic solution 
of sulphide of hydrogen and potassium, a large cpiantity of sulphuretted 
hydrogen being evolved and chloride of potassium deposited (Regnault): 

C^CIC + 2(KS,HS) == -h 2KC1 + 2IIS + 2S. 

3. By the action of a red heat on bichloride of carbon C^Cl^. (Reg- 
nault; Kolbe, YII; 356). 

I^reparatiooi. Vapour of sesqnichloride of carbon is slowly passed 
through a porcelain tube filled with fragments of porcelain and kept at 
a low red heat, the farther extremity of the tube being connected with a 
glass tube bent several times up and down, so that the vapour may con- 
dense in the lower bends which are immersed in water. After separating 
the glass tube from the porcelain tube, the distillate collected in the 
former, which is coloured yellow by absorbed chlorine, is repeatedly 
distilled from one bend to the other, in order to expel the excess of 
chlorine. The distillate is then heated to the boiling point, till the vapour 
has driven all the air out of the tube; the tube closed and left to cool; and 
the protocliloride of carbon separated by distillation at a very gentle heat 
from the sesquichloride of carbon which is dissolved in it, having either 
remained undecomposed or been reproduced by the absorbed chlorine gas 
(Faraday). The distillate is pure, when a drop of it evaporates in the 
air without leaving any residue of C^CP (Faraday). — Asa large quantity 
of C^CP remains nndccomposed if only once passed through the porcelain 
tube, Regnault repeats this process; then agitates the yellow distillate 
with mercury to remove free chlorine; and distils off only half of it at a 
gentle heat, so that as much as possible of the C'^CP may remain behind. 
But even this distillate retains a trace of C’*CP. 

2. Sesquichloride of carbon is added in successive small portions to 
an alcoholic solution of sulphide of hydrogen and potassium, each addition 
causiag brisk evolution of sulphuretted hydrogen and separation of chlo- 
idde of potassium. As soon as the escape of gas has ceased, the liquid 
is distilled, and the distillate mixed with water, which throws down pure 
protochloride of carbon in the form of an oil (Regnault). 

JBroperties, — Thin, transparent, and colourless oil; sp. gr. 1*553 
(Faraday); 1*619 at 20^. (Regnault). Refracting power 1-4875. (Wollas- 
ton). Does not conduct electricity. Does not solidify at — 18^; boils 
between 71° and 77° (Faraday). (1) boils at 120^, and the pure pro- 
duct (2) at 122° (Regnault). Vapour-density of (1) =5*82 (Reg- 
nault). 


Regnault (1). 

4C 24*0 .... 14*49 13*95 

4 Cl 141*6 .... 85-51 


CC’P 165*6 .... 100-00 


Faraday had previously shown that the compound contains C and Cl in equal 
numbers of atoms. Regnault found somewhat too little carbon, because the compound 
prepared by (1) contains a slight admixture of C'^CP. 

Decompositions, Protochloride of carbon passed through a [strongly] 
ignited porcelain tube is partly resolved into charcoal and chlorine gas 
(Faraday). If the tube is very strongly ignited, the products obtained 
are chlorine gas and charcoal; hut if it be only moderately ignited, 
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clilorine and dicliloride of carbon, C'^CP, are obtained (Regnault, VIII, 
160 ). — 2. It does not burn when Iieated alone in tlie air; but in tbe 
flame of a spirit-lamp it burns with a bright yellow flame, forming hydro- 
chloric acid (Faraday). — 3. When its vapour, mixed with hydrogen 
gas, is passed through a red-hot tube, it is resolved, with evolution of heat 
and light, into hydrochloric acid gas and a deposit of charcoal. Electric 
sparks repeatedly passed through the mixture produced the same decom- 
position (Faradayj). — 4. Detonating gas loaded with vapour of chloride 
of carbon and exploded by the electric spark, is resolved into carbonic 
oxide and hydrochloric acid gas (Faraday) : 

+ 4HO = 4CO + 4HC1. 

Every 1 vol. hydrogen is replaced by 1 vol. carbonic oxide and 2 vol. 
hydrochloric acid gas (Faraday). — 5. Vapour of protochloride of carbon 
passed over red-hot baryta, yields, with vivid combustion, chloride of 
barium, carbonic acid [carbonate of baryta'2], and a small quantity of 
charcoal (Faraday). — 6, Exposed to the sun in contact with dry chlorine 
gas, it is converted into C^CP (Faraday), but beneath a layer of water 
it forms terchloracetic acid together with this compound (Kolbe, p. 209). 
Sulphide of carbon, CS-, may be converted by the action of chlorine at a red heat into 
C-CH; this by ignition into tins by chioiine and water, into terchloracetic acid; 

and this acid, by potassium-amalgam, into acetic acid : hence acetic acid may be formed 
from sulphide of carbon (Kolbe). 

Protochloride of carbon is not decomposed by nitric, sulphuric and 
hydrochloric acid, and is not soluble in either of these acids (Faraday). 

CovihinationB. Protochloride of carbon is insoluble in water, aqueous 
acids and aqueous alkalis (Faraday). 

At ordinary temperatures, it dissolves Iodine with a fine red colour, 
but without further alteration (Faraday). 

With Bromine in sunshine it solidifies in a few seconds, forming the 
crystalline compound C'‘CH,Br® (Malaguti). 

It absorbs Chlorine gas abundantly, acquiring a yellow colour: the 
loose compound thus formed remains unaltered in diftused daylight; but 
in sunshine it becomes decolorized, and passes into the more intimate 
crystalline compound C^CF (Faraday). 

Protochloride of carbon dissolves in Alcohol, in Ether, and in Oils 
both fixed and mlatile (Faraday). 


PercMorinated Vinic Ether. C^CPO=C*CP,CiO=C*CPO,CP. 

Eegnatjlt. Ann. Cldm. Phys. 71. S92; also Atm. Fhcmn. 3.% 27; also 

J,p}\Chem. 19, 26 S. 

Malaguti. Compt. rend. 19, 577, and 21, 749.— Ann. Chim. 
Phys. 16, 5; ahstr. Ajin. Fhcmn. 56, 268; ahstr. J. pr. Ghem. 37, 
414. 

Ohio rather, Perchlorcdher, Percklormnather, Chlorure de Ch loro, re those (Mala- 
guti}; Oxalaciqidnquechlond (Berzelius). [Considered as C-^ClbClO : Nakavinok ; 
as C^CPOjCF : Kevinikan.l Discoveied by Hegnauit m 1830 . 

Formation. By the continued action of chlorine on vinic ether in 
sunshine (VIII, 184). 
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I^reparation. Dry cUorine gas is continuously passed tlirougli ether, 
which has been freed from alcohol and water by distillation over cliloride 
of calcium, and is contained in a flask, which, for the first 12 hours, is 
kept at a medium temperature by immersion in water (if it be too much 
cooled, the hydrochloric ether formed at the same time does not escape, 
and the clilorovinic ether becomes contaminated with the substitution- 
products formed by the action of chlorine upon hydrochloric ether); 
then taken out and exposed to the sun. The yellow liquid after a while 
deposits numerous crystals of perchlorinated ether, and an additional 
quantity on subsequent cooling; the decanted mother-liquid exposed to 
the sun in bottles filled with chlorine, still yields a further crop. Ail 
these crystals must be pressed between paper, and dissolved in boiling 
alcohol. The alcohol as it cools first deposits drops of oil, which harden 
as they become colder, and then crystalline laminco of pure perchlori- 
nated ether (Eegnault). 

Properties. Crystalline laminae, very much like those of sesquichlo- 
ride of carbon. Melts at 19° (Regnault). Regular octohedrons of 
sp. gr. 1‘900 at 14*5 (Malaguti). After being heated to 280'", at which 
temperature it does not boil, it does not solidify till it has been removed 
from the fire for some hours, probably because it is brought by the heat 
into another isomeric state. Smells of sesquichloride of carbon and of 


chloral (Regnault). 



Regnault. 

4 C 

24 . 

... 11*48 ... 

11-61 

5 Cl 

177 . 

... 84-69 ... 

84-41 

o 

8 . 

... 3-83 ... 

3-98 

C^Cl’O 

209 . 

... 100-00 ... 

... . 100 00 


The rational formula is probably C'^CPO,CP; for the compound may be prepared 
from C'^CPO by the action of chlorine gas in sunshine. 

Decompositions. 1 . The ether when heated to 300°, is comptetely 
resolved, with ebullition, into chloi’aldehyde and sesquichloride of carbon, 
which pass over as an odorous liquid and a crystalline product, the residue 
remaining colourless to the last trace (Malaguti) : 

2C‘Cro = C^Cl-iO- 4- C-^CF‘. 

In this distillation, 200 parts of the ether yield 56’54 pts of susquichlo- 
ride of carbon (Malaguti). Calculation (2-209 : 236*4=: 100 : x) gives 
56*56, which is almost exactly the same. — Dry chlorine gas exerts no 
action at 100°, even in the course of several hours; nitric and hydro- 
chloric acid arc likewise inactive. — 2. Oil of vitriol acts very slowly 
when heated; at 240'^, it produces ebullition, and evolves, first chlor- 
aldehyde, then pungent, cloudy vapours, doubtless consisting of chlor- 
aldehyde, hydrochloric acid, and anhydrous sulphuric acid, which, when 
passed into water, yield chloracetic, hydrochloric, and sulphuric acids. 
The iindecomposed ether remaining in the retort, solidifies after a while 
on cooling (Malaguti) : 

C-^Cl^O + HO,S03 = CW02 + HCl 4- SOK 

S. Ammoniacal gas does not act on perchlorinated vinic efcher, either 
dissolved in alcohol or in the melted state, unless it be heated sufficiently 
to form chloraldehyde, in which case this latter compound and the am- 
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iiionia form cliloracetamide and sal-ammoniac (Malagnti). — 4. The 
ether distilled with alcoliolic potasli yields a liquid product (Rcgnault). 
The presence of the alcoiiol complicates the reaction. Even when the 
mixture is boiled for some time, nothing but pure alcohol passes over; the 
residue deposits only a small quantity of chloride of potassium, and 
yields on cooling crystals of undecomposed perchlorinated vinic ether, 
while the mother-liquor contains a small quantity of formiate of potash. 
Perhaps a portion of the ether may be coiiverte<l, first into chloracctic 
acid, then into chloroform, and lastly into formic acid (Malaguti). — 
5. An alcoholic solution of sulphide of potassium decomposes the ether, 
w^hen heated, yielding chloroxe those, chloride of potassium, and sulphur: 

C‘CEO + 2KS - C^CEO + 2KC1 + 2S. 

5 parts of the ether heated with an alcoholic solution of 3 ])ts. sulphide 
potassium, produce turhidity from deposition of chloride of potassium, 
as soon as the action begins; the liquid, when boiled, assumes a dark 
brown-red colour, and deposits more chloride of potassium; wlien the liquid 
is left over night, this deposit increases and becomes covered with lamince 
of sulphur; and the decanted liquid mixed with water deposits the oily 
compound C^CPO (Malaguti). — 6. Potassium does not act at tempO“ 
ratures many degrees below 300^, but near that temperature, it pro- 
duces, even in small quantities, a violent explosion (Malaguti). 


Chloraldehyde. C^CPOl 

Malaguti. N, Ayin, Chim. Fhys. 16, 5; ahstr. Qompt rend, 19, 577; 

also J. pr, Chem. 37, 414 : — Compt rend, 21, 445. 

Cloez. A". Ann. Chim. Fhys. 17, 309. 

ChloraldeJiych Aldehyde Chlor6 [iVerzVzo/^]. — Discovered by Malaguti in 1844. 

Formation. — When dry chlorine gas is passed through anhydrous 
vinic ether exposed to the summer sun, sesqiiichloride of carbon and 
chloraldehyde are often formed instead of perchlorinated vinic ether 
(VIII, 184). — Perchlorinated ether is likewise resolved by distillation 
into sesqiiichloride of carbon and chloraldehyde (Malaguti). — 2. Per- 
chlorinated acetic ether, C^CPOS repeatedly passed through a tube 
heated to 400°, and filled with fragments of glass, is converted into 
chloraldehyde (Malaguti) 0^01^0“^= 2 C^CPO^. — Even when dry chlo- 
rine gas is passed through dry acetic ether, first in daylight and after- 
wards in sunshine, chloraldehyde is formed as well as scptichloracetic 
ether CTICFO^ (Gioez). 

Frq}aratio7i, ^ Chlorine gas is passed for 12 hours (as in Regnault’s 
method of preparing perchlorinated vinic ether), through ether, previ- 
ously freed from alcohol and water by repeated distdlation over chloride 
of calcium, and kept cool by immersion in cold water; the cold water 
then removed; the liquid exposed to the sun; and the passage of the 
chlorine continued as long as any action takes place. The product is 
either sesqiiichloride of carbon and chloraldehyde, or perchlorinated 
vinic ether. ^ In the former case, the liquid must be subjected to repeated 
fractional distillation, so that the less volatile sesquichloride of carbon 
may remain more and more behind, the process being repeated till the 
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distillate dissolves in 'water without the slightest turbidity. If perchlo- 
rinated vinic ether has been formed, it is decomposed by distillation into 
sesquichloride of carbon and chloral deli yde, which are then separated by 
repeated distillation, as above (Malaguti). 

Properties. Transparent, colourless liquid, of sp. gr. 1'60S at 18^. 
Boils at 118'^. Yapour density 6'32. When exposed to the air, it gives 
off vapours having an intolerably pungent odour. Placed upon the 
tongue, it first produces dryness, then a white spot, and ultimately exerts 
a caustic action. Eeddens litmus after a few seconds. 


I^Ialaguti. Vol. Ben<?ity. 

4C 24*0 ... 13‘22 .... 12'78 C-vapour 4 ... 1'6640 

4 Cl . ..141*6 ... 77*97 ... 77*92 Cl-gas 4 .. 9*8172 

2 O . 16*0 .. 8 B1 . . 9*30 O-gas . ... 1 . . M093 


CWO- .... 181*6 .... 100*00 .... 100*00 Vapour of C-^CRO- 2 . 12*5905 

1 6*2952 

Decompositions. 1. Chloraldohyde sinks in water, and afterwards 
dissolves in it in the form of hydrochloric and terchloracetic acids. Simi- 
larly, with aqueous solutions of the fixed alkalis, it forms a chloride 
and a terchloracetate (Malaguti) : 

C-^CbO- 4- 2HO = HCl 4- CWHOh 

2. Y^ith gaseous ammonia it becomes heated and immediately soli- 
difies to a mixture of chloracetaiuide and .sal-ammoniac, separable by 
ether, which dissolves only the chloracctainide. Aqueous ammonia yields 
the same products (Malaguti) : 

C^C1>02 + 2NIP = C^NIi-Cro2 + NIPCl. 

8. With phosphuretted hydrogen gas it yields a compound (chlorace- 
thypide), analogous to chloracetamide, togetlier with hydrochloric acid 
(Cloez) : 

C-^CBO- 4- PH3 = CTH2C1302 4 - HCl. 

4. With a small quantity of alcohol, it becomes heated to the boiling 
point; if the chloraldehyde be gradually added to excess of alcohol, less 
heat is evolved, and together with the hydrochloric acid, terchloracetic 
ether is formed, which is precipitated as an oil by water (Malaguti) ; 

C-'Ci^O- 4 - CTiW = cni^CW + HCl. 


Bromocliloride of Carbon. C^CP,Br^. 

Malaguti (1844). Coinp)^ rend. 19, 579; also W. Ann. Ghim. Flips. 
16, 14. 

BromeliloroJcoMenstoff^ Bromure de ChloroxWiose [MevinoJe], 

Protocliloricle of carbon exposed to sunshine in contact with bromine, 
solidifies in a few seconds to a crystalline mass, which may be purified 
by repeated crystallization from alcohol. 

The crystals resemble those of sesquichloride of carbon; have a sp. 
gr. of 2*3 at 21^^; taste slightly aromatic; begin to volatilize at 100'^; 



220 


ETHYLENE: CHLORINE-NUCLEUS C^Cl\ 


UecompcsG at about 200° into bromine and protocliloride of carbon ; and 
when treated with protosulphide of potassium, are resolved into bromide 
of potassium and protocliloride of carbon (Malaguti) : 

CiCHB/- + 2KS = C-^CH + 2KBr + 2S. 

Calculation according to Malaguti. 


4 C 

24*0 

7*37 

4 Cl 

141*6 

43*49 

2 Br 

160*0 

49*1 i 

C'Cl^Bi-3 

325*6 

100 00 


SesquicMoride of Carbon, C^C1®=C^C1^CP. 

Faraday. In the memoir cited on page 214. 

BegNxVULT. Ann. Chim. Fhgs. 69, 165. — 71, 371 j also Ann. Pharm, 
33, 323; also J. pr. Chem. 19, 206. 

Anderthalh-^Chlorkohlenstoff^ Kolilenstrpej'chlorur, Perehloride de Carlonc, Ohio- 
rare de ChlorUhose (Laurent), \_KevinoJc\. 

Formation. 1. Bj the action of chlorine gas in excess on proto- 
chloride of carbon in sunshine (Faraday) : 

C-^Ch + CP == C^ClbCP. 

2. By the action of excess of chlorine on chloride of ethylene in sun- 
shine, or more slowly in diffused daylight (Faraday), or with the aid of 
heat (Liebig) : 

+ 8C1 = C-^CP + 4HC1. 

3. By the action of excess of chlorine on hydrochloric ether, first in 
the shade, afterwards in sunshine (Laurent, Ann. Ghim. Phys. 64, 328; 
also J.pr, Chem. 11, 423) : 

C^H^Cl + lOCT = C-*CF + 5HC1. 

Similarly by the action of excess of chlorine on monochlorinated, 
biciilorinated, or terchloriuated hydrochloric ether (Regnault, A7in. 
Chim. Phys. 69, 165), 

Chloride of ethylene treated alternately with alcoholic potash, 
which produces each time 1 At. chloride of potassium and 1 At. water, 
then with chlorine, of w-hich 2 At. are each time taken up, then again 
with alcoholic potash, then again with chlorine, &c. <Scc., passes by the 
following stages into C^CP : 

C-^H^CP + KO = KCl + HO + C-^HSCL — Cffl^ci + CP = CHI''^CP 

C^ffCF + KO KCl + HO + C^H>CP. — C^H^CP + CP == C^H^CP 

C^HSCP + KO = KCl + HO + C^HCF. ^ C^HCP + CP = C-^HCP 

C-^HCP + KO == KCl 4- HO + C'^CP. ~ C^CP + CP =:= C-*CP. 

Among these compounds, C*HCP is the only one which is not 
accurately known (Regnault, Ann. Ghim. Phys. 69, 151; also J. pr. 
CJum. 1<S, 80). 

Similarly, hydrochloric ether, C^H^Cl, in the course of its transforma- 
tion hy chlorine, by continued replacement of each 1 At. H by 1 At. Cl, 
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yields the following compounds isoinerie with those which are obtained 
from chloride of ethylene CWCF; C^H^CP; CWCl^; and C'HCP; and 
is also finally converted into C^Cl®, perfectly identical with the C^CP 
obtained from chloride of ethylene (Regnanlt). 

4. By the action of chlorine on sulphurous ether in sunshine 
(Ebelmen & Bouquet, N , Ami. Chim, Fliys. 17, 69).. 

5. Ether exposed to excess of chlorine in sunshine is converted, 
sometimes into sesquichloride of carbon and chloraldehyde, sometimes 
into perchlorinated vinic ether (p. 216), which, however, is afterwards 
resolved by distillation into sesquichloride of carbon and chloraldehyde 
(Regnanlt, Malaguti). 

Fo'eparation. Chloride of ethylene is exposed to the sun in a bottle 
filled with chlorine; water frequently added in small quantities to absorb 
the resulting hydrochloric acid gas; the chlorine frequently renewed as 
long as it exhibits any alteration; the resulting crystals washed with 
water to remove the greater part of the hydrochloric acid ; pressed 
between paper; heated to sublimation; and the sublimate dissolved in 
alcohol, precipitated from the alcoholic solution by water containing 
potash to remove the last traces of hydrochloric acid, then washed with 
water, pressed between bibulous paper, and dried in vacuo over oil of 
vitriol (Faraday). — The chloride of ethylene may also be heated nearly 
to the boiling point, and chlorine gas uninterruptedly passed through it 
as long as hydrochloric acid continues to form, whereby, however, not the 
whole, but only the greater part of the chloride of ethylene is con- 
verted into sesquichloride of carbon, which crystallizes out for the most 
part when the liquid is artificially cooled (Liebig, Ann. Fhami, 1, 
219). 

2. A small quantity of hydrochloric ether is introduced into a bottle 
filled with dry chlorine gas, and set aside in the shade for 24 hours; after 
which the chlorine is renewed, and the vessel expos^ to the sun ; at the 
commencement of the process, such exposure would produce explosion 
(Laurent). — Or, more advantageously: Alcohol is heated with concen- 
trated hydrochloric acid, the evolved vapour of hydrochloric ether passed 
through water and oil of vitriol to purify it, and then brought in contact 
with' chlorine in a bottle exposed to the summer sun (Regnault). 

3. Perchlorinated vinic ether is decomposed by distillation into ses- 
quichloride of carbon and chloraldehyde, and the distillate repeatedly 
treated with water, which takes up chloraldehyde in the decomposed 
state, and leaves chloride of carbon (Malaguti, N. Ami. Chim, Fhys. 
16, 6, and 14). 

Frop&^ies. Transparent, colourless crystals, often united in arbores- 
cent tufts (Faraday). Right rhombic prisms belonging to the right 
prismatic system. {Fig. 65, with p-face) u : a = 122*^; u' : t = 119'^; 
p:i=z lid'" 40'; i:t= 150" 20'; no cleavage-planes (Brooke, Ann. FkiL 
23, 364) ; i = 1 19° 30' ; i : 35= 150° 30' (Laurent, Fev. sclent. 
9, 33). — Refracting power = 1*5767. Sp. gr. about = 2*00. As hard 
as sugar, easily pulverized, and then appears like pounded sugar. Does 
not conduct electricity. Melts at 160° and boils at 182°, subliming in 
ike crystalline form, but volatilizes in the air even at ordinary tempera- 
tures (Faraday). Yapour-density=8T57 (Regnault). Smells strongly 
aromatic and like camphor; taste scarcely perceptible (Faraday). 
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Regnault (2), Richardson. Malaguti (3). 

4 C 24*0 .... 10-15 10*15 10-42 lO'OO 

GCl 212*4 .... 89*85 .... 90-11 

C->Ch^ 236*4 . .. 100*00 100*11 

Faraday likewise found in the compound 3 At. Cl to 2 At. C. 

Decompositions, 1. Sesquiclilorkle of carbon is resolved by repeated 
distillatioHj or by once passin^i^ its vapour through a red-hot tube, into 
protochloride of carbon and chlorine gas, part of which is absorbed by 
the former and gives it a yellow colour (Faraday). — 2. In tin flame of 
a spirit-lamp it burns with a red flame, producing hydrochloric acid, but 
goes out when removed from the lamp-flame. In oxygen gas it may he 
set on fire without admixture with any other substance, and sometimes 
burns with splendour. Its vapour mixed with oxygen gas is not set on 
fire by electric sparks, even at 200'*'’; but in a red-hot tube the mixture 
is resolved into carbonic acid, carbonic oxide, and phosgene gj.ses 
(Faraday.) 

3. Melts at a moderate heat when mixed with iodine, and at a higher 
temperature, gives up to 2 At. chlorine to that body, yielding proto- 
chloride of carbon and chloride of iodine. Sulphur and phosphorus act 
in a similar manner (Faraday). — 4. Its vapour mixed with hydrogen 
gas is not set on fire by the electric spark, even at 200°; hut, when 
passed through a red-hot tube, it deposits charcoal and forms hydrochloric 
acid gas. (Faraday). — 5. Nearly all metals heated in its vapour are 
converted into chlorides, with separation of charcoal; potassium exhibits 
vivid combustion. 

fl. The vapour passed over red-hot baryta, strontia or lime (magnesia 
has no action forms, with evolution of light and heat and deposition of 
charcoal, a chloride of the metal and a carbonate of the alkali; with 
heated oxide of lead, it forms chloride of lead, together wdth carbonic 
acid and carbonic oxide gases; with oxide of zinc it yields similar pro- 
ducts, sometimes wdth the addition of phosgene gas; with stannic, cupric, 
and mercuric oxides, and with peroxide of lead, it yields nothing but a 
metallic chloride and carbonic acid gas (Faraday). — 7. Sesquichloride 
of carbon heated, even hut slightly, with an alcoholic solution of sulphide 
of hydrogen and potassium, gives ofiT sulphuretted hydrogen with Vio- 
lence, and yields a deposit of chloride of potassium; but if subsequently 
distilled, it gives ofi: a mixture of alcohol and protochloride of carbon, 
and leaves a residue consisting of chloride of potassium and a brown 
substance (Regnault; for the equation, vid p 215). ^ — Water extracts chlo- 
ride of potassium from the residue, forming, however, a brown solution 
which is decolorized by hydrochloric acid, with precipitation of a small 
quantity of brown, viscid, very stinking matter; the portion not dissolved 
by the water is a dark brown substance likewise insoluble in alcohol, 
which when distilled, behaves like a mixture of sulphur and charcoal^ 
products perhaps arising from the decomposition having gone too far! 
An alcoholic solution of sulphide of potassium behaves exactly like 
sulphide of hydrogen and potassium, excepting that an excess of it 
heated with sesquichloride of carbon yields other and very complicated 
products (Regnault). 

3. Sesquichloride of carbon does not absorb aramoniacal gas in the 
cold, hut is decomposed by it when heated (Bineau, Ann. Gfiim. Dhys. 
70, 270), ^ * 



CHLOROXETHOSE. 


223 


SesquicHIoride of carbon exhibits no decomposition when heated with 
charcoal, nitric acid, sulphuric acid, aqueous ammonia, potash or soda, 
and its solutions in nitric acid or alcohol do not precipitate nitrate of 
silver (Faraday). 

Combinations, Sesquichloride of carbon dissolves very sparingly in 
Water, and not more abundantly in aqueous alkalis (Faraday). 

It dissolves in boiling Nitric acid, and separates therefrom partly on 
cooling, partly on the addition of water (Faraday). 

It dissolves in Alcohol, is precipitated therefrom by water; more 
abundantly in Ether; also in Oils, hoth fixed and volatile (Faraday). 


€. Oxychlorine-nuclens, C^CPO. 

Chloroxetliose. C^CPO . 

Malaguti (1844), N, Ann, Chim. Ehys^ 16, 19; abstr. Compt. rend. 

19, 579. 

Chloroxathos, ChloroxUhose [yiniJcan]. 

Formation, From per chlorinated vinic ether and protosulphide of 
potassium (p. 218). 

Prepar^ation. 16 pts. of percblorinatcd vinic ether are boiled with a 
solution of 50 pts. protosulpbide of potassium in 200 pts. of 95 per cent 
alcohol, till the ether is dissolved; the liquid decanted on the following 
day from the deposited chloride of potassium, and diluted with water; 
the oil, which sinks to the bottom after a while, and still contains unde- 
composed perchloriiiated ether, again heated with a solution of 25 pts. 
protosulpbide of potassium in 100 pts. alcohol; precipitated again with 
water; finally freed from admixed sulphur by boiling with aqueous potash 
and from an alliaceous- smelling substance by boiling with nitric acid; 
then .washed with a large quantity of water, dried in vacuo, rectified two 
or three times, and once more washed and dried. It is best kept under 
water. 

Proper'ties. Transparent, colourless oil of sp. gr. 1*652 at 21°. Boils 
at 210°. Becomes coloured thereby, and leaves a scanty black residue; 
but the distillate after washing consists of pure chloroxetliose. Has a 
very agreeable odour, like that of the flowers of Spiraea Ulmaria. 

Malaguti. 

4C 24*0 .... 17*37 17*1B 

3 Cl 106-2 .... 76-84 76*63 

O 8*0 .... 5*70 6*19 

CWO 138*2 .... 100*00 100*00 

DecomposUions, Cbloroxethose when kept in vessels containing air 
loses its agreeable odour, and becomes sour and fuming. — It is decom- 
posed by bot nitric acid of sp. gr. 1 *5, with formation of carbonic acid. — 
Weak nitric acid and alkalis exert no action on cbloroxethose. 

When exposed to sunshine in dry chlorine gaa, it forms crystals in a 
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few (laySj and after tlie excess of clilorine has been expelled, solidifies 
completely as perclilorinated vinic ether. In presence of water, terchlor- 
acetic acid and hydrochloric are formed, to 2 :etlier with perclilorinated 
rinic ether and a vsniall quantity of sesquichloride of carbon, inasmuch 
as the perchlorinated vinic ether, at the moment of its formation, is 
resolved by water into the two first mentioned products: 

C-^CPO + 3HO = C^emO* + 2HCL 

In a similar manner, chloroxethose exposed to the sun gradually takes 
up 2 At. bromine, and forms the crystalline compound C^CPO,Br^ 

Chloroxethose is insoluble in water, but dissolves in alcohol and in 
ether (Malaguti). 


Bromide of Chloroxetliose. c^CPO,Brl 

Malaguti (1814), iV'. Ann. CMm, Fhys. 16, 25; ahstr. Compt rend. 

Ifi, 579. 

Brom-Chloroxa’hoSi Bromut'e de Chloroa^ethose, [^^evhiij^an']. 

Chloroxethose exposed to the sun in contact with bromine, solidifies 
in a few days in the crystalline state. By recrystallization from alcohol, 
crystals are obtained, having the form of sesquichloride of carbon, and a 
sp. gr. of 2*5 at 18°. They melt at 96°, and are resolved at 180° into 
bromine and chloroxethose. With an alcoholic solution of protosulphide 
of potassium, they yield bromide of potassium and chloroxethose, and in 
their other chemical relations, exhibit the closest resemblance to perchlori- 
nated vinic ether, C^CPO,CP (Malaguti). 

Malaguti. 


4 C 

24*0 .. 

.. 8-05 .... 

.... 7*99 

3 Cl 

106*2 .. 

.. 35*61 


2Br 

160-0 .. 

.. 53*66 


0 

8-0 .. 

.. 2*68 



C-^CPBr-O 298*2 .... 100-00 


100 pts. of the compound yield 270 pts. chloride of silver + bromide of silver 
(Malaguti). 


g*. PJiospJiochlorine-nucletis. C^(PH^jCP. 

CHoracetypMde. CXPl-P)CPO=^=C'^{PH®)CP,o*. 

Cloez (1846). W. Ann. Ghim. Pliys. 17, 309. 

Produced when phosphuretted hydrogen gas is passed through chlor- 
aldehyde, its formation being attended with evolution of hydrochloric 
acid gas: 

C^CW + PH3 = 0(PH3)CPO2 + II Cl. 

Also by passing the same gas through perchlorinated formic ether, phos- 
gene being produced at the same time: 

+ PH3 = C*(PH*-)CF02 + 2CCiO + HCL 
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Small, ^-white; loose crystalline scales, Laving a slightly alliaceous odour 
and bitterish taste. 

When heated in the air, it leaves phosphoric acid mixed with 
charcoal. 

Insoluble in water, sparingly soluble in wood-spirit, alcohol, and 
ether (Cloez). 


9 ;. BulpTioclilorine-nuclem. C^CIH^S* 

Chlorosulphuretted Ether, C^H^C1S0=:C^C1H=S,H0=C^0SC1H,H*. 

Malaguti (1839). Ann, Chim, TIi^s, 70, 354; also An 7 i. Fharm, 
32. 29. 


Sulfochlorvinatherj EtJier chlorosulfur^, 

Freparation (p. 184). 

Yellowish crystalline scales, greasy to the touch, and having an 
offensive odour, melting at 70° to 72°, and solidifying to a soft, laminated 
crystalline mass- 

Decomposed by alcoholic potash into sulphide of potassium, chloride 
of potassium, and acetate of potash ; 

C^HSCISO + 3KO == KS + KCl + 

Insoluble in water, but soluble in alcohol and ether (Malaguti). 


Malaguti. 


4 C 

. 24-0 

... 27*78 .. 

.. .. 27-58 

3 H 

. 3*0 . 

... 3*47 .. 

3*59 

Cl 

. 35-4 

... 40*97 .. 

..... 41*11 

S 

. lG-0 . 

... 18*52 

18*90 

0 

. 8*0 . 

... 9*26 .. 

8*82 

C-^H^CISO ... 

, 8G-4 .. 

,.. 100*00 .... 

100*00 


Conjugated Compounds of the ChloTrine-7iudei, 

BicMorocarbonic Ether, C^cm^O^=C^Oim^O,CO\ 

Cahotjrs (1843). W, Ann. Chim. Flips. 9, 203; also A^m. FTiarm. 47, 
293; also J. pr. Chem. 30, 242. 

Bichlorkohlenmnesfer, Doppeltchlorkohlensaureather^ Ether carloniqueHchlorur^. 

Carbonio’‘vether, C^H®0, CO®, is saturated by daylight with dry 
chlorine gas, and heated on the water-bath to 70° — 80° in the latter part 
of the process; and as soon as the chlorine ceases to act, the excess of 
that gas is expelled at 70° to 75° by a stream of carbonic acid gas. 

Colourless liquid, much heavier than water, and of sweet, peculiar 
odour. 

Decomposes when boiled. Not altered by chlorine in daylight even 

VOL. IX. 
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in a montli; but in sunsliine it is converted thereby into percblorocar- 
bonic ether and hydrochloric acid (Cahours): 

C^cm^O^ + 6C1 = C^CPOS + 3HC1. 

Insoluble in water, but soluble in alcohol (Cahours) : 


5 C.,.. 

30*0 .. 

23*47 ... 

Cabours. 
23*34 

3H 

3*0 .. 

... 2*35 ... 

2*41 

2 Cl 

70-8 

... 55*40 ... 

55*48 

3 0 

24*0 . 

... 18*78 ... 

18*77 

C^COTOs 

..... 127*8 . 

... 100*00 ... 

100*00 


Perchlorocarbonic Ether. C^CPO^rr C^CPO^CO^. 

CAnotJRS. 17. Ann. Ohim. Fhys. 9, 203j also Ann, Pharm, 47, 294; also 
J. pr. Chem, 80, 248. 

Malaguti. ip. Ann, Ohim. Phys. 16, SO; abstr. J. pr. Ghem. 87, 426. 

Chlorocarlomc JSther, PerchloTkoJilmmmBt&r, VelerchlorkoJilemdurBather, Ether 
carhonique perchlorur^j Ether chlorocarhonique. — Discovered by Cabours in 1844, 

Preparation. Dry chlorine gas is passed continuously in sunshine 
through bichlorocarbonic ether, till, after 2 or 3 days, the whole solidi- 
fies to a crystalline mass, which is then quicMy pressed between paper, 
and dried in vacuo (Cahours). The product cannot be purified by 
leaving it to crystallize from alcohol or ether, because it is thereby partly 
decomposed and converted into a viscid mass (Cahours). 

Properties. Small snow-white needles, which melt when heated, and 
solidify again in the crystalline state on cooling (Cahours). Melts 
between 85^ and 86°, and solidifies between 65° and 63° (Malaguti). 
Has a faint odour (Cahours) ; 


Cabours. 

5 C 30 .... 12*99 .... 13*19 

5 Cl 177 .... 76*62 .... 76*69 

3 O 24 .... 10*39 .... 9*91 

H .... .... 0*21 


OCW 231 .... 100*00 .... 100*00 


Becompo^ions. 1, When this compound ether is distilled, part of it 
goes over undecomposed, the rest in the form of carbonic acid gas, 
chloraldehyde and sesc^uichloride of carbon (Malaguti) ; 

2C5C1503 = 2CO- + C^CP02 + C^CN. 

2. When part of the ether is heated with 4 pts. of hydrate of potash, 
and 12 pts. water, a violent action sets in as soon as the liquid begins to 
boil, and continues till all the ether has disappeared, and is resolved into 
chloride of potassium, carbonate of potash, and formiate of potash 

(Malaguti): ^ 

+ 9KO + HO = 5KC1 + 3(KO,CO^ + (?HKO<. 

If only Half tHo aboTO quantity of potasH be used, the decomposition 
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goes on but slowly even at a boiling heat, and when half the ether has 
disappeared, the same products are found in the liquid (Malaguti). 

3. Perchlorocarbonic ether exposed at ordinary temperatures to a 
stream of ammoniacal gas, absorbs that gas and becomes warm and soft; 
if it be warmed from without, after being saturated with ammonia, it 
becomes very hot, gives off a large quantity of very thick smoke, but 
not a trace of water, and hardens to a brown mass consisting of chloro- 
carbethamide, sal-ammoniac, another ammoniacal salt [chlorocarbetha- 
mate of ammonia and a small quantity of a black powder resembling 
paracyanogen (Malaguti). — Vinic ether leaves the sal-ammoniac and 
paracanoygen undissolved, and when evaporated yields the chloro- 
carbethamide, while the other ammoniacal salt remains in the mother- 
liquor. On evaporating and cooling the mother-liquor, the last-mentioned 
salt is obtained in the form of a white, fibrous, easily fusible, very bitter 
mass, which dissolves very easily in water, alcohol, and ether, gives off 
ammonia with cold potash, and, though it contains chlorine, does not pre- 
cipitate a solution of silver when dissolved in water containing acetic 
acid (Malaguti), — [Chlorocarbetbamide, in consequence of tbe uncertainty still 
existing with regard to its constitution, is described only in the form of an appendix 
(p. 228.) If we suppose that the essential products of the decomposition are sal- 
ammoniac, chlorocarbethamide, and chlorocarbethamate of ammonia, and assign to the 
latter the formula proposed by Gerhardt, the equation may be ; 

6C5CP03 4- 20NH3 == 2C10N3HSCFO4 + + 9NH^C1 + 2N. 

According to this equation, nitrogen should be evolved at the same time.] 

Perchlorocarbonic ether thrown by small portions into aqueous 
ammonia, makes a loud hissing noise like red-hot iron, and forms, with 
great evolution of heat, a thin crystalline magma, which leaves chloro- 
carbethamide on the filter; the brown filtrate evaporated and exhausted 
with ether, resolves itself into an insoluble residue of sal-ammoniac, car- 
bonate of ammonia, formiate of ammonia, and a brown substance, and a 
solution of chlorocarbethamate of ammonia (p. 229} (Malaguti). Hence 
aqueous ammonia forms, not merely an amide, like ammoniacal gas, but 
likewise carbonic and formic acid, like potash (Malaguti). 

4. Perchlorocarbonic ether dissolves in alcohol, with rise of tempera- 
ture amounting to only a few degrees, and forms a very acid, spon- 
taneously fuming liquid, from which water throws down a heavy, oily 
mixture of carbonic ether, terchloracetic ether, and perchlorocarbonic 
ether, having an aromatic taste and smell, Awhile hydrochloric acid (together 
with a small quantity of terchloracetic acid) remains in solution (Malaguti): 

CSC1503 + 2C^H60? = C5H503 + 4- 2HC1. 

The composition of the oil precipitated by water is determined by the 
following reactions. When shaken up with aqueous ammonia, the 
greater part of it dissolves, with great evolution of heat. The solution 
decanted from the undissolved oil, which is carbonic ether, gradually 
becomes turbid and deposits chloroform as an oil, while carbonate and 
hydrochlorate of ammonia, together with other ammoniacal salts con- 
taining chlorine, remain in solution. The terchloracetic ether has indeed 
been converted by the ammonia successively into chloracetamide, ter- 
chloracetate of ammonia, chloroform, and carbonate, hydrochlorat^ and 
formiate of ammonia. — Ammoniacal gas makes the oil hot, and converts 
it into a white solid mass, which, besides an oil and sal-ammoniac, like- 
wise contains chlorocarbethamide, showing that undecomposed perohloro- 
carbonic ether is |)resent in the oil (Malaguti). 

4 2 
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Ajppendiss to PeTcIilorocarhonic JStheT, 

1 . CUorocarbetliainide. C'"N®H'CPO^= C'^Ad^CFO* l 


Formation (p. 227). — Formed likewise in a similar manner from 
cHorosuccinic ether and ammoniacal gas. 

Freparation, Perchlorocarbonic ether is saturated in the cold with 
drj ammoniacal gaS; the mass carefully heated till it gives off dense 
fumes and solidifies to a brown mass; this mass pressed between bibulous 
paper and exhausted with anhydrous ether; and the yellow filtrate left 
to evaporate, whereupon impure chlorocarbethamide separates in loose, 
yellowish, unctuous laminae. These are pressed between paper to free 
them from an oily substance, dissolved in boiling water, and decolorized by 
a small quantity of animal charcoal; the filtrate cooled to the crystallizing 
point; and the resulting white laminae purified by recrystallization, till 
they taste sweet, and have lost their bitter aftertaste; in this process 
however, a considerable quantity is lost. 100 pts. of perchlorocarbonic 
ether yield 20 pts. of crude chlorocarbethamide, and a much smaller 
quantity of the purified product. 


Froperties, — ■ White, crystalline scales greasy to the touch; they melt 
at 138° to 140°, begin to turn brown at 220°, boil at 260°; and when 
suddenly raised to a high temperature, sublime undecomposed, in specular 
iridescent laminae. 

Calculation 


according to Malaguti. according to Gerhardt. 


10 c 

60-0 

.... 15*79 

10 C... 

60*0 

. .. 15-47 

3N 

42*0 

.... 11*06 

3N 

42-0 

.... 10*83 

6H 

6*0 

.... 1*58 

6H 

6*0 

.... 1*55 

7 Cl 

247-8 

.... 65*25 

7 Cl 

247*8 

.... 63*90 

3 O 

24*0 

.... 6*32 

40 

32*0 

.... 8*25 


379*8 

.... 100*00 


387*8 

.... 100*00 


Malagttti 

fused 

from ChloTomccinic Ether, 
15*30 
10*50 
1*59 
65-23 
7*38 


from Perchlorocardonic Ether, 
15*41 
10*82 
1*65 
64*97 
7*15 


100*00 100*00 

fMalagnti^s empirical formula,* contains an uneven number of atoms j 

bence Gerhardt proposes the formula 

Chlorocarbethamide does not evolve ammonia when triturated in the 
cold with hydrate of lime, but evolves it when boiled with potash. In 
aqueous ammonia it dissolves gradually, with formation of crystallizable 
chlorocarbethamate of ammonia. 

It dissolves sparingly in water, readily in alcohol and vinic ether. 
(Malaguti, JV. Ann. Okim, Phys, 16, 35 and 73; abstr, J, pr, Chem, 37, 
426 and 434.) 
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2. CMorocarbethamic Acid. 

Known only in the form of an ammoniacal salt. This salt is obtained 
by digesting chlorocarbetliaraide with aq^ueous ammonia. A few days 
after the solution is complete, the liquid is left to evaporate in vacuo 
over oil of vitriol, whereby the chlorocarbethamate of ammonia is 
obtained in white, unctuous, very bitter scales, which melt between 
35° and 37'% and dissolve very readily in water, alcohol, and ether. 

The salt triturated with hydrate of potash, gives ohf a large quantity 
of ammonia. When its aqueous solution supersaturated with baryta- 
water has ceased to give off ammonia at 90° it evolves a fresh quantity 
on boiling (in consequence of the decomposition of the acid containing 
amidogen), and afterwards exhibits the chlorine-reaction with a solution 
of silver. The aqueous solution of 100 pts. of the crystallized salt yields 
with bichloride of platinum a quantity of chloroplatinate of ammonium 
containing 8*5 pts. of ammonia; hence out of 3 At. N contained in the 
salt, 2 At. are present in the form of ammonia. Calculation gives only 
7*7 to 7*8 pts. of ammonia ; but the free hydrochloric acid in the 
bichloride of platinum used, probably converted a portion of the amidogen 
contained in the chlorocarbethamic acid into ammonia. (Malaguti, 
W. Ann. Chim. Fhys. 16, 35; abstr. J.pr, Okem. 37, 434.) 


Calculation Malaguti. 

according to Malaguti. according to Gerhard t. Crystals. 

IOC 60-0 .... 13*83 IOC 60*0 .... 13*58 13*49 

3 N .... 42*0 .... 9*68 3 N .... 42*0 .... 9*50 9*72 

12 H .... 12 0 .... 2*77 12 H .... 12*0 .... 2*72 2*88 

7 Cl .... 247*8 .... 57*12 7 Cl .... 247*8 .... 56-09 56*82 

9 O .... 72*0 .... 16*60 10 O .... 80*0 .... 18*11 17*09 


433*8 .... 100*00 441*8 .... 100*00 100*00 


According to Malaguti = 2NH4O,Ci0NH4Cl7O7, or 2NH4O,Ci0NH2Cl4O5 + 2Aq.— 
According to Gerhardt = 2NH3,CiONH6CFOio [= according to 

this formula, chlorocarbethamic acid would be = C^°AdCFH^O'^,0®, or, if the salt con- 
tains 4 atoms of water, = CiOAdCl^ or CmBPCi%0<^2- 


Ghlorovinic Formiate. 0'’H“C10*=G*C1H*0,C"-H0^ 

Dumas (1833). A^in. Chim. Fhys. 54,226; also Ann. Fhatm. 10,277. 
Cloez. N. Ann. Chim. Fhys. 17, 303. 

Cahours. Af. Ann. Chim. Fhys. 19, 346; also J. fv. Chem. 40, 427. 

Chloroformic Ether^ Chlorameisenvinester, Chlorlcohlenoa^ydaiker, Ether oxy^ 
chlorocarionique {X)xjimds)f Ether chloroformique (Cahours). 

Foiifnaiion and Freparation. 1. Thirty grammes of absolute alcohol 
poured into a bottle containing 15 litres of phosgene gas, cause great 
evolution of beat, and form an amber -coloured liquid. Air is then 
admitted into the bottle; the liquid poured out after a quarter of an 
hour; shaken up with an equal volume of water; set aside; the layer of 
chloroformic ether below the aqueous hydrochloric acid drawn out with a 
pipette; and rectified in the water-bath over chloride of calcium and 
litharge (Dumas): 

c^H^o^ + 2CC10 = cm^cio^ + HCl 
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2. PercMorovinic formiate C®CP0^ is dropped into alcoLol; water 
added; and the whole left to itself, whereupon an upper layer of aqueous 
hydrochloric acid is obtained, and a lower one consisting of a mixture of 
chloroformic ether and terchl or acetic ether. On distilling this mixture, 
the chlorovinic formiate passes over first, between 95° and 100°; then, at a 
higher temperature, the terchlorovinic acetate, which must be collected in a 
separate receiver (Oloez). For the equation, p. 233. 

3. Strong alcohol is poured by small portions into perchloroxalate 
of methyl contained in a large, loosely stoppered bottle, as long as each 
addition causes evolution of heat and effervescence arising from escape of 
hydrochloric acid gas; the mixture, when cold, is shaken up with excess 
of water; the very strong smelling oily mixture of chloroformic ether 
and oxalic ether thereby precipitated, repeatedly washed with water; 
then digested for 24 hours over chloride of calcium; distilled in a retort 
provided with a thermometer, the boiling point rising from 92° to 190°; 
the first portion of the distillate collected apart; and rectified once or 
twice, till it exhibits a constant boiling point. (Cahours; for the equation, 
mdk p. 177.) 

Fro'perties, — Thin, transparent colourless liquid, of sp. gr. 1*133 at 
15°. Boils at 94° under a pressure of 0*773 m. Vapour-density =3*823. 
Has a tolerably agreeable odour when mixed with a large quantity of air; 
hut in the pure state it is very suffocating and excites a copious flow of 
tears (Dumas). 





Dumas. 

Cahoursi 

6 C 

36*0 

... 33*21 ... 

34-2 .... 

. .. 33*17 

5 H 

5*0 ., 

... 4*61 ... 

5*0 .... 

.... 4*72 

Cl 

35-4 . 

... 32-66 ... 

30-7 .... 

.... 32-32 

40 

32*0 . 

... 29*52 ... 

30*1 .... 

.... 29*79 

C«ffC10^ 

108*4 . 

... 100-00 ... 

100*0 .... 

.... 100-00 


Vol. Density. 

C-rapour 6 2*4960 

H-gas 5 0-3465 

Cl-gas 1 2*4543 

0-gas 2 ........ 2-2186 

Yapour of CWCIO^ 2 7*5154 

1 3*7577 

Beampodtions. 1. Chlorovinic formiate burns with a green flame and 
afterwards precipitates solution of nitrate of silver (Dumas). — 2. It 
dissolves in oil of vitriol, and soon gives off a large quantity of bydrochloric 
acid gas, especially when heated ; at a higher temperature, the solution 
blackens and gives off a combustible gas (Dumas). — 3. In contact with 
warm water it becomes strongly acid (Dumas). — 4. With aqueous 
ammonia it becomes strongly heated, even to explosive ebullition, and 
disappears completely, forming urethane and sal-ammoniac, from which 
latter the urethane may he separated by evaporation in vacuo, and distil- 
lation (Dumas): 

C^H^CIO^ + 2NH3 = + NH^Cl. 

5. The ether does not yield alcohol when treated with aqueous potash 
(Gerhardt, Chim. Fhys. 72 j 184). 
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BicMorovinic Formiate. C«H^CP0^=C^CPH®0,C"H0^ 

Malaguti (1839.) Ann. OMm. Phys. 71, 369j also Ann* Pharm, 32, 39^ 

also J. 'pt. Uhvm* 18, 52. 

BicMoroformic Ether , BichlorameisenmnesteTi Chlorameisend,therf Ether formique 
ehlore. 

Formic ether through which a stream of chlorine is passed, does not 
become heated, but begins after two hours to give off hydrochloric acid 
gas, and on the application of external heat is converted, after about 
forty hours’ passage of the gas, into impure bichloroformic ether, which is 
then heated for some time in a retort to 90° (at 105*^, it would turn 
brown and decompose), to drive off the more volatile matters; then 
washed with water, whereupon it diminishes considerably in volume; set 
aside for some days under water; and lastly dried in vacuo over oil of 
vitriol and lime. 

Transparent, colourless liquid of sp . gr . 1 * 2 6 1 at 1 6° . Has an aromatic 
odour, a bitter taste, and reddens litmus slightly. 


6 C 

36-0 . 

... 25-21 ... 

Malaguti. 
23-97 

4 H 

4-0 . 

... 2-80 ... 

2-88 

2 Cl 

70-8 . 

... 49*58 ... 

46-75 

4 0 

32-0 . 

.. 22-41 ... 

26-40 



142-8 . 

... 100-00 ... 

100-00 


Bichloroformic ether decomposes below its boiling point. — It is very 
slowly decomposed by water, but very easily by aqueous potash, into 
acetate of potash, formiate of potash, and chloride of potassiums 

0R^Cm^ + 4KO = C^HSKO^ + C^HKO^ + 2KC1. 

It dissolves in alcohol and in ether (Malaguti). 


Bichlorometliylic Acetate. 

C®H^CP0^=C^-CPH0,C"H303=C^H30,C^GPH0^ 

Malagtjti (1839). Ann. GJiim. Phys. 70, 379; also Ann. Pharm. 

32, 47; also J. pr. Ghem, 18, 59. 

Bichloremgformester, Chlorhaltiges essigsaures Methylen, Methylenchloressig- 
Uther^ AcetMe de Methylene chlorur^. 

Obtained by passing chlorine gas to saturation through methylic 
acetate, first at the temperature of the air, then at 60°, distilling off the 
more volatile part of the product till the residue begins to turn brown 
at 145°; washing it, first with weak potash-ley, then for a considerable 
time with water; and drying it in vacuo over oil of vitriol and lime. 

Transparent, colourless liquid of sp, gr. 1*25; boils between 345° and 
148°, but begins to turn brown and give off fumes at 138°. Has a 
pungent odour like that of acetic acid; tastes sweet at first, but after- 
wards alliaceous and very burning. Neutral. 
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6C 

36-0 . 

... 25*21 ... 

Malaguti. 
25*96 

4 H 

4*0 . 

... 2*80 ... 

3*08 

2 Cl 

70-8 . 

... 49-58 ... 

48*24 

4 0 

32*0 . 

... 22-41 ... 

22*72 

CSH'‘CFO'' 

142*8 . 

... 100*00 ... 

100*00 


Metameric with bichlorovinic formiate. 

BicMorometliylic acetate burns with a yellow flame, green-edged at 
bottom. — Decomposes slowly witb water, quickly with aqueous potasli, 
and violently with alcoholic potash, yielding formic, acetic, and hydro- 
chloric acid. It then disappears completely; nevertheless a volatile 
pungent matter (likewise found by Laurent in the decomposition of the 
following compound) is at the same time observed to form, its quantity 
being greater as the ether is less pure (Malaguti) : 

C^HCP0,CW03 + 4KO - 2KG1 'J- C^HKO^ + C^H^KO^ 


Terchlorometliylic Acetate. 

Latjbent (1836), Ann, GMm, Pliys, 63, 382; also J, pr, Ghem. 11, 

236. 

Dumas. Ann, Chim. Fkys. 73, 85; also Ann. Pharm, 32, 111; also 

J,pr, Gkem, 17, 206. 

Terchloressigformesser^ Chloressigsaures MetJiyloscyd ; Chloracetate mUhylique 
(Dumas), Chloracetate de ChloromSthylase (Laurent). 

Formation and Preparation. 1 . Chlorin e gas is slo wly passed through 
methylic acetate contained in a Liebig's bulb-apparatus, till hydrochloric 
acid is no longer evolved. When the saturation is nearly complete, every 
bubble of chlorine produces a light in the dark, but without any per- 
ceptible evolution of heat. The liquid saturated with chlorine yields 
at first a distillate consisting of two layers, which is set aside; and the 
residue in the retort is repeatedly distilled till the boiling point becomes 
constant (Laurent). — 2. Terchloracetic acid is distilled with wood- 
spirit and a small quantity of oil of vitriol, and the compound ether 
separated in oily drops from the distillate by addition of water (Dumas). 

Properties. Transparent, colourless oil, heavier than water (Laurent, 
Dumas); Wls at 1 45°, and maybe repeatedly distilled without decom- 
position (Laurent), Has an agreeable odour like that of peppermint 
(Dumas). 

Laurent. Dumas. 


6 C 

36*0 

.... 20*32 .... 

.... 20*5 .... 

.... 21*5 

3 H 

3*0 

.... 1*69 .... 

.... 1*7 .... 

.... 1*7 

3 Cl 

106*2 

.... 59*93 



4 0 

32*0 

.... 18*06 





177*2 

.... 100*00 




Terchloromethylic acetate is readily decomposed by caustic potash; 
the solution turns brown, gives ofif a vapour which has a sweet taste and 
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attacks tlie eyes, deposits cliloromethylase, C^HCl (p.342 ) as au oil, and 
retains cliloride of calcium, and probably also formiate of potasb in 
solution (Laurent): 

+ 4KO = C^HCl + 2KC1 + 2C2HKOi. 

It is insoluble in water, but dissolves in alcobol and in etber 
(Laurent). 


Perchloromethylic Acetate = Perchlorovinic Formiate. 

C'CP0^=:C2CP0,C^CP0^=:C*CP0,C-C10^ 

Cloez (1845). AT. An7i. Ghim. Phys, 17, 297 ; abstr. Qompt. rejid. 

21, 69. — iV'. Ann. Ghim. Phys. 17, 311; abstr. Compt. rend. 21, 874; 

abstr. xV. J. Pharm. 9, 16; abstr. J. pr. Gheni. 37, 345. 

Perchloroformic Ether., Perchloressigformesterj Perchlorameisenvmester^ Chlores- 
sigsaures Chluriryethyloocyd^ Chorameisensaures Chlorathyloxyd, Acitate de Methyllne 
perchloHi Ether formigue perchlori. 

Formation and Preparation. 1. Chlorine gas is passed through 
niethylic acetate, till it is no longer absorbed in sunshine, and the product 
purified in the ordinary way. — 2. Similarly with formic ether (Cloez). 
— Methylio acetate and vinic formiate have the same empirical formula, 
viz. C®H®0^; but when treated with aqueous potash, the former is resolved 
into wood-spirit and acetate of potash; the latter into alcohol and for- 
miate of potash : they are therefore metameric. But the compound 
C®CPO^ obtained when all the hydrogen of either of these compounds 
is replaced by chlorine, is exactly the same ; not only in composition 
and physical properties, but likewise in all its reactions, from which- 
ever compound it may have been prepared. The compound C®CPO* 
appears therefore to have a constitution totally different from that of the 
two compound ethers, from which it may have been formed. The case 
is similar with the two isomeric compounds, monochlorinated hydro- 
chloric ether [C-^H‘CP,H^] and chloride of ethylene [C^H^,CP], both of 
which, when treated with chlorine, are converted into the same com- 
pound, viz., sesquichloride of carbon C^CP (Cloez). — All perchlorinated 
compound ethers indeed appear to have a constitution different from 
that of the ethers from which they have been formed by the action of 
chlorine; those of the ethylene -series, for example, by no means appear 
to contain perchlorinated vinic ether C^CPO: for this compound resists 
the action of aqueous potash; which on the other hand, when it acts 
upon any perchlorinated compound ether, exchanges its oxygen for the 
chlorine of the perchlorinated vinic ether which might be supposed to 
exist therein. (Malaguti, iV'. Ann. Ghim. Phys. 16, 29; also J. pr. Chem. 
27. 425.) 

Properties. Transparent, colourless liquid. Sp. gr. of (1) = 1‘691 at 
18^; of (2) = 1*705 at 18°. Both boil at about 200°, and when pure 
volatilize without decomposition, but if impure, leave a carbonaceous 
residue. Yapour-density of (2) — 9*31. Both (1) and (2) have a suffo- 
cating odour, and taste harsh and unpleasant at first, afterwards from 
decomposition, intolerably acid (Cloez), 
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Cloez(l). Cloez(2). 


6 

,! 36-0 i 

I... 12*84 . 

... 13*60 . 

... 12*9 

C-vaponr 

6 .. 

.. 2*4960 

6 Cl 

. 212-4 . 

... 75-75 . 

... 74*50 . 

... 74-7 

Cl-gas 

6 .. 

.. 14*7258 

4 0 ....... 

H 

. 32-0 . 

... 11*41 . 

... 11*78 . 
... 0-12 

... 12*4 

0-gas 

2 .. 

.. 2*2186 

C6C1W... 

. 280*4 . 

...100-00 . 

...100-00 . 

...loo-o 

Vapour of CWO'* 2 .. 

1 .. 

.. 19*4404 
.. 9*7202 


Decompositions, 1. EitLer (1) or (2) passed througli a red-hot tube 
is resolved into phosgene gas and chloraldehyde: 

C6C1604 == C4CP02 4* 2CC10. 

2. In contact with water or damp air^ both (1) and (2) quickly turn sour, 
and are resolved into terchloracetic, carbonic, and hydrochloric acid: 

C®C1«04 + 4HO = C4C13H,0^ -f 3HC1 + 2C02. 

Similarly with aqueous fixed alkalis, they yield a terchloracetate and 
carbonate of the alkali, together with a metallic chloride : 

+ 6KO == + SKCI + 2(K0,C02). 

3. When either (1) or (2) is dropped into aqueous ammonia, each drop 
makes a hissing noise, like red-hot iron plunged into water, developes heat, 
and soon produces an abundant white precipitate, consisting of chlora- 
oetamide and sal-ammoniac, separable by ether which dissolves the former, 
or by water which takes up the latter; carbonate of ammonia is likewise 
formed. The first stage of the action probably consists in the formation 
of chloracetamide, sal-ammoniac, and phosgene; 

+ 2NH3 = C^NHSCFO^ + NH^CI + 2CC10 j 

but the phosgene is converted by the excess of aqueous ammonia into 
of hydrochlorate and carbonate of ammonia: 

2CCIO 4- 4NH3 4- 2HO == 2NH4C1 + 2(NH3,C02). 

4. Phosphurefted hydrogen gas passed through (2) forms chloracetyphide, 
with evolution of phosgene [and of hydrochloric acid]: 

C^GPO^ + PH3 = C^PH2CP03 + 2CC10 + HCl. 

5. Either (l) or (2) dropped into woo^spirii^ disappears quickly, raising 
the temperature of the liquid nearly to the boiling point; and on the 
addition of water, two layers are forined^ the uppei?, which is watery, 
staining hydrochloric acid, together with the excess of wood-spirit; 
while the lower, which is oily, is a mixture of chloromethylic foi-miate 
(Yn, 300,) and terchlorOtnethylic acetate. Perhaps in this manner; 

OCIW 4- 2C2H40S = OH^CIO^ 4 C^H^CISO^ 4- 2HCI. 

With alcohol, (1) and (2) react in a precisely similar manner, except- 
ing that in this case the oily mixture consists of chlorovinic formiate and 
tercHorovinic acetate, which may be separated by distillation, the former 
passing over at 100°, the latter between 160° and 165°: 

C^CFO-^ + 2C^H503 = CSH^CIO^ + CSH^CFO^ 4- 2HC1. 

The oily mixtures obtained with wood-spirit and with alcohol, differ from 
one another in this respect: that the product obtained with wood-spirit 
yields with ammonia, chloracetamide, and nrethylane (VII, 291), while 
that obtained with alcohol yields chloracetamide and urethane (Cloez). 

The corresponding compound of the methylene-series may he inserted in this 
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Perchloromethylic Formiate. C‘C1*0*=C“CP0,0’=C10». 

CahotjjSs (1846). Com.pt. rend. 23, 1071.^ — N. Ann. Ghim. Phys. 19, 

252. 

Perchlorameisenformesteri Formiate de MethyU perchlorL 

Perfectly aBliydrous riaetliylic formiate is placed in a bottle filled with 
dry chlorine gas, and exposed for some days to the sun (the action 
though violent at first soon diminishes in intensity), till after about 14 
days, the colour of the chlorine no longer diminishes. The liquid, which 
is coloured by free chlorine, is then distilled, the portion which distils 
over below 190°, collected apart, and rectified several times, the more 
volatile portion being each time collected. 

Transparent, colourless, very thin liquid, of sp. gr. 1'724 at 10°, 
boiling at 180° to 181®, and having a strong pungent odour, like that of 
phosgene; 

When passed in the state of vapour through a tube heated to between 
340® and 350®, it is converted almost wholly into phosgene gas, with which 
indeed it is metaraeric. — Aqueous ammonia acts violently upon it, form- 
ing white, nacreous chloracetamide (containing 14*61 p. c. C, 1*24 H, 
and 65T1 Cl, besides N and 0), and sal-ammoniac. [It is impossible 
to express this decomposition by a simple equation, unless other pro- 
ducts are present,* if the nacreous matter is really chloracetamide, 
have here an instance of the conversion of a conjugated compound of 
the methylene series into a compound of the ethylene series.] — Potash, 
even when hot and concentrated, exerts scarcely any decomposing action. 
Alcohol decomposes it^ with formation of chlorovinic formiate; wood- 
spirit and fusel-oil form similar products (Oahours). 


4 C 

24*0 . 

... 12*15 ... 

Cahours. 
..... 12*31 

4 Cl 

...... 141*6 . 

... 71-66 ... 

71*69 

4 0 

32*0 

... 16-19 ... 

15*95 

H 


... 

..... 0*05 

C^Cl-'O*...; 

197*6 . 

... 100*00 ... 

100-00 


Bichlorovinic Acetate. C®H«CP0*=C‘H®0,C‘HCF05. 

Mauagtiti (1839). Ann, Ghim, Fhys. 70, 367; also Ann. FTiarm. 32, 
38; alsot/. jpr. Ghem, 18, 50. 

Leblanc. N, Ann, Ghim, Fhys. 10, 197; abstr. Compt, rend, 17, 175; 
abstr. J,Fr, Ghem, 32, 80. 

BicMoracetic Fiber ^ Vinie Bicbloracetate ; BicMoressigvinesterf Bickloressig- 
ather. Ether aceiique Uchlorur^. 

Formation (YIIT, 498). When acetic ether is introduced into a 
bottle filled with dry chlorine gas, in such proportion that each atom of 
the ether shall be in contact with more than 8 At. chlorine, and the 
action allowed to go on, first in the shade, afterwards in continually 
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stronger sunsliine (snnsliine from tLe beginning would cause an explo- 
sion attended with deposition of charcoal), the several chlorinated ethers, 
continually richer in chlorine, mentioned on page 498, vol. VIII, are 
successively produced. It is, however, not always possible to obtain 
the particular compound required, the compounds C®H.CFO^ and 
C®C1®0^ being the only ones that can be produced with certainty. Other 
products are also formed, such as acetic acid, terchloracetic acid (which 
collects in crystals on the sides of the vessel), hydrochloric ether, sesqui- 
chloride of carbon, and certain oils, scarcely soluble in water. The less 
carefully the chlorine has been dried, the greater is the quantity of ter- 
chloracetic acid and other products soluble in water, formed (Leblanc). 
— When all moisture was excluded, Cloez obtained no sesquichloride of 
carbon. 

Freparation. Dry chlorine gas is passed (in the shade, according to 
Leblanc) through acetic ether cooled from without, whereupon a largo 
quantity of hydrochloric acid gas is evolved, especially in the latter part 
of the operation. As soon as the action of the chlorine has ceased, the 
more volatile portions of the resulting oily liquid are distilled off, till the 
residue begins to turn brown at about 110°; after which the colourless 
acid, and fuming liquid is quickly washed with water (if it stood longer, 
it would dissolve in the form of acetic and hydrochloric acid), and dried 
in vacuo over oil of vitriol and lime (Malaguti, Leblanc). 

Froperties, Transparent, colourless liquid of sp. gr. 1*301 at 12° 
(Malaguti); 1*30 at 15° (Leblanc). SmeUs something like acetic acid, 
tastes like pepper, and produces irritation in the throat (Malaguti). 


8 C 

48*0 . 

... 30*61 ... 

Malaguti. 
30*72 .... 

Leblanc. 
.... 30*8 

6 H 

6*0 . 

... 3*83 ... 

3*98 .... 

.... 4*1 

2 Cl 

70 8 . 

... 45*15 ... 

44*85 


4 O 

32*0 . 

... 20*41 ... 

20-45 




156*8 . 

... 100*00 ... 

100*00 



Decompositions, 1. Bichlorovinic acetate becomes coloured at 1 10°, 
and gives off hydrochloric acid (Malaguti). — 2. When subjected for 
some time to the action of chlorine in very bright sunshine, it is ulti- 
mately converted into C®CPO^ part of which compound is by the further 
action of the clorine transformed into C^Cl® (Leblanc). When left for 
several days under water, it dissolves completely in the form of acetic 
and hydrochloric acid (Malaguti) : 

+ 4HO = 2C^H40^ + 2HC1. 

4. It is not immediately decomposed by aqueous potash, but alco- 
holic potash decomposes it instantly, forming acetate of potash and chlo- 
ride of potassium (Malaguti, Leblanc) : 

CSH^Cl^O^ + 4K:0 = 2CWKO^ + 2KC1. 
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Terchlorovinic Acetate. C8H'CP0^=:C‘H50,C^CP0^ 

Dumas (1840). Ann. Chim. Fhys. 78, 85; also Ann. Pliarm. 32, 
112; also J. Oliem. 17, 207. 

Fel. Leblanc. N , Ann. Chim. Fhys. 10, 206. 

Malagtjti. N. Ann, Chim, Fhys. 16, 2, and 58. 

JWoliloracetic Ether ^ Trichloressigvinesterf Chloressigsaures Aethyle^xyd^ Ether 
chloracetique. 

Formation and Preparation, 1. Tercliloracetic acid is distilled witli 
alcohol and a small quantity of oil of vitriol, and the distillate mixed 
with water^ which precipitates the terchloracetic etlier in the form of an 
oil (Dumas). Leblanc further dries the ether over chloride of calcium; 
20 pts. of terchloracetic acid yielded bim 14 to 15 pts. of the ether. — 
2. Ghloraldehyde is gradually added to alcohol; and the oily ether then 
precipitated by water, washed with water, and dried over chloride of 
calcium (Malaguti) : 

CKW + C-1HS02 = + HCl. 

Properties, Colourless oil (Dumas). Sp. gr. 1*867; boils constantly 
at 164^ Yapour-density = 6’64 (Leblanc). Smells like peppermint 
(Dumas). Has a pleasant odour (Malaguti). 





Dumas. 

Malaguti. 

Leblanc. 




(!)• 

(2). 

peculiar variety. 

8 C 

, 48-0 . 

... 25*10 

26*19 . 

24*62 


5 H 

. 5-0 . 

... 2*62 

...... 2*80 . 

2*64 

2*7 

3 Cl 

. 106*2 . 

... 55*55 .., 

54*36 . 

55*41 

56*4 

4 0 

32-0 . 

... 16*73 

... . 16*65 . 

17-33 

15*4 

C«H5C1?0^ ... 

.. 191*2 . 

... 100*00 

100*00 . 

100*00 

100*0 


Decompositions. 1. Chlorine gas passed through this compound 
ether^ acts strongly upon it even in daylight, and at 100° converts it 
after some time into septichloracetic ether C®HCFO* ( Leblanc ). — 

2. Aqueous potash decomposes it, forming alcohol and terchloracetate of 
potash (Leblanc) : 

CSH5CF04 + HO,KO = + C^CISKO^ (Malaguti). 

3. Aqueous ammonia poured upon the ether causes it to solidify in half 
an hour, with separation of alcohol, to a crystalline mass of chlorace- 
tamide (Malaguti, Cloez, AT. Ann. Chim. Fhys. 17, 303) : 

CWCFO^ + NH3 = 4* C^NH^CPO^. 

In ammoniacal gas the ether remains unaltered at ordinary temperatures; 
but when distilled in a stream of the gas, it likewise yields chloracetamid© 
(Malaguti). 


Feawliar Modificaiion of Terchlorovinic Acetate. 

When dry chlorine gas is passed for some time through bichloracetic 
ether, the upper part of the retort being covered with black paper, so 
that the light may only fall upon a portion of the liquid, and the product 
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purified in tlie same manner as Malaguti purifies Lis bicLloracetic ether, 
a compound ether is obtained which smells and tastes like bicLloracetic 
ether, and consists of C®H®CPO^ (see the above analysis), but is not decom- 
posed by a(^ueous potash into alcohol and terchloracetate of potash, but 
yields with that reagent, chloride of potassium, chlorinated, deliquescent 
potash-salts, and a sweet, oily liquid no longer decomposible by potash 
(Leblanc). [Can this ether be C^Cra^0,G^H®0^?] 


QuadricMorovinic Acetate. C8H^Ck0^=C^ClH'0,C^CP0®. 

Fel. Leblanc (1844). Ann. Ohim. Fhyis. 10 , 212. 

Bichloracetic ether is exposed to the autumn sun in bottles filled with 
dry chlorine gas, and the product purified in the ordinary way. 

Oil of sp. gr. 1*485 at 25", 

Decomposed by potash-ley into a chlorinated oil, chloride of potas? 
slum, terchloracetate, and other chloracetates of potash (Leblanc). 


8C 

.... 48*0 . 

... 21*28 ... 

Leblanc. 
21*60 

4H 

4*0 . 

... 1*77 ... 

2*02 

4 Cl 

.... 141-6 . 

... 62*76 ... 

63-09 

4 0 

.... 32-0 . 

... 14*19 ... 

13*29 

CWCl'iO^ 

.... 225*6 . 

... 100*00 ... 

100-00 


Quintichlorovinic Acetate. CSH3CP0"=C^CPH3O,C^CPO^ 

Fel. Leblanc. iV“. Ann. Chim. Phys. 10 , 212, 

Produced, like the preceding compound, if the liquid be heated at the 
same time, but in such a manner that the gas above it may be protected 
froin the action of the solar rays. 

With strong potash it forms the same decomposition-products as the 
preceding compound, yielding however a larger quantity of terchloracetate 
of potash (Leblanc). 


8 C 

:48 . 

... 18*46 ... 

Leblanc. 
18*80 

3 H 

3 . 

... 1*15 ... 

1*35 

5 Cl 

177 . 

... 68-08 .. 

C7-4Q 

4 O 

32 . 

... 12*31 ... 

12*45 

C^H^CPO'i 

260 . 

... 100*00 ... 

100*00 


SexticHorovinic Acetate. CSH2CP0^=:C^H2CP0,C^CP03. 

Leblanc. M. Ann. CUm. Phys. 10, 212. 

Formed when the preceding compound is exposed for two days to the 
sun in a bottle filled with cbiorine. 

Oily liquid of sp. gr. 1-608 at 23*5'^ (Leblanc). 
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Leblanc. 


8 C 

48-0 ., 

... 16*31 ... 

16*1 

2 H 

2*0 

... 0*68 ... 

1*0 

6 Cl....'. 

..... 212*4 . 

... 72*14 ... 

73*0 

4 0 

32-0 . 

... 10*87 ... 

..... 9*9 

CSHWO-* 

294*4 . 

... 100*00 ... 

100*0 


Septichlorovinic Acetate. C®HCF0^=C^HC1^0,WP0l 

Fel. Leblanc (1843). K Ann. Chim. Phys. 10, 206. 

Formation and Preparation. Drj cblorine gas is passed for some 
time tlirongh tercliloracetic ether, bj daylight and at a temperature 
gradually rising to 100°. 

Oily liquid of sp. gr. 1*692 at 24*5°. 

Leblanc. 


8 C 

... 48*0 

14*60 

oily. 
14*7 

crystalline. 
.... 14*70 

H 

1*0 ., 

... 0*30 .... 

0*4 

.... 0*49 

7 Cl 

... 247*8 

... 75-37 ..., 

74*5 

.... 74-70 

4 0 

... 32*0 . 

... 9-73 .... 

10*4 

.... 10-11 

CSHCl'O^ 

... 328*8 . 

... 100*00 ... 

100*0 

....*100*00 


Dry chlorine gas passed for a long time through this ether at 110° 
converts it into perchlorovinic aectate. 

It is insoluble in water (Leblanc). 


Crystalline modification of S^UcMorovinic Acetate, 

Preparation. When bichloracetic ether is introduced into bottles 
filled with dry chlorine gas, and exposed to sunshine for some months in 
winter, a mixture of oil and crystals is formed. The bottles are rinsed 
with water; the insoluble portion treated with a quantity of vinic ether 
just sufiicient to dissolve the crystals, whereby two layers of liquid are 
obtained, the lower being an ethereal solution, and the upper an oil; 
these two liquids are separated by a pipette; the ethereal solution left to 
evaporate; and the resulting crystals, still contaminated with oil, dried 
upon blotting paper. 

The crystals thus obtained are rather soft; they melt at 100°, and 
appear to be incapable of volatilizing without decomposition. They 
have the composition above given. — They are insoluble in water, spar- 
ingly soluble in cold alcohol of ordinary strength, but dissolve very 
r^dily in ether (Leblanc). 

Leblanc did not succeed mor^ than once in obtaining these crystals, 
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Perclilorovinic Acetate. C®CP0^=C'CP0,C"CP03? 

Felix Leblanc. Ami, Qliim, FJiys. 10, 200; abstr. GompL rend, 
17, 1175; abstr. J, pr. Chem, 32, 80. — Compt, rend, 21, 925. 
Malaguti. Compt, rend. 21, 445. — AT. Ann. Ohim. Fhys, 16, 57; also 
J, pr, Chem. 37, 432. 

Cloez. N. Ann. Chim. Fhys. 17, 304; abstr. Compt. rend. 21, 874; 
abstr. F. J. Fharm, 9, 15; abstr. J. pr. Chem. 37, 343. 

Perchlorsseigvinesterj PerchloressigdtTiery Ether acetique perclilore^ Ether per- 
chloracetique, — Discovered by Leblanc in 1843. 

Formation and Preparation. 1 . To replace all tbe hydrogen in bi- or 
terclilorovinic acetate by chlorine, requires the brightest summer sunshine 
and a heat of at least 110°, and even then the substitution is very slow. 
One of the two ethers just mentioned is introduced into a tubulated retort 
having its lower part immersed in a concentrated chloride of calcium 
bath heated ultimately to 110®, and its upper part exposed to the sun. 
The passage of the dry chlorine must be continued for at least 100 hours 
to convert the bichlorovinic acetate into septichlorovinic acetate, and the 
conversion of the latter intoperchlorovinic acetate takes place only in the 
brightest summer sunshine, and very slowly even then. Even before the 
transformation is complete, crystals of sesquichloride of carbon sublime, 
proceeding from the further decomposition of perchloracetic ether by 
chlorine; but the passage of the chlorine must be still continued till a 
sample of the liquid when analyzed is no longer found to contain hydrogen. 
Dry carbonic acid gas is then passed through the liquid to free it from 
absorbed chlorine and hydrochloric acid gas; the perchloracetic ether 
quickly precipitated therefrom by water, and quickly washed with water 
to remove the dissolved terchloracetic acid proceeding from moisture in 
the chlorine gas. The ether is then separated from the water with a 
pipette; heated for a few minutes to 100°, whereby it loses its turbidity; 
then drawn off clear with the pipette; dried in vacuo over oil of vitriol 
and hydrate of potash; and heated in a retort till the boiling point rises 
to about 200°, and nearly all the- dissolved sesquichloride of carbon is 
thereby volatilized. The residue in the retort quickly washed with 
water and dried in vacuo as above, yields pure perchlorovinic acetate 
(Leblanc). 

2. Perfectly dry chlorine gas is passed, first by diffused daylight, 
afterwards in sunshine, through perfectly pure and dry acetic ether con- 
tained in a tubulated retort; the liquid then introduced into large bottles 
filled witih dry chlorine, and exposed to the sun (whereby no sesqui- 
chloride of carbon is formed); a large quantity of dry carbonic acid gas 
passed through it to remove free chlorine, &c.; and the liquid finally 
distilled in a retort filled with carbonic acid, till the residue becomes 
coloured (Cloez). By this distillation, however, as afterwards shown by 
Malaguti, part of the perchlorovinic acetate is converted into the isomeric 
compound, chloraldehyde. 

Properties. Colourless oil, which remains liquid at a few degrees 
below 0°; sp. gr. 1*79 at 25°; boils at 245°, but is partly decomposed 
thereby {rid. inf.). Has a strong penetrating odour like that of chloral. 
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and a burning taste. When recently prepare! and quite dry, it does not. 
redden litmus, or produce an iuimediate precipitate in a silver-solution; 
but after a few minutes, the precipitate appears (Leblanc), 

Leblanc. 






b. 

8 C 

48*0 . 

.. 13*22 ... 

13-3 . 

... 13-48 

H 



0*2 . 

0-03 

8 Cl 

. . 283-2 . 

... 77-97 ... 

. .. 77-1 . 

... 77-57 

4 0 . 

.. . 32-0 

... 8-81 ... 

9*4 . 

... 8-92 

CSCI^O'* 

. ... 363-2 . 

. 100-90 ... 

100-0 . 

... 100-00 


a was prepared from bichloracetic ether, h from terchloracetic ether. 

Decompositions. 1. When the vapour of perchloracetic ether is passed 
through a glass tube filled with fragments of glass and heated to iOO*", a 
fuming mixture of undecomposed perchloracetic ether and chloraldehyde 
is obtained, the quantity of the latter increasing at each repetition of 
the process (Malaguti): 

Csciso^ == 2C'*CPO-. 

This transformation was previously suspected by Leblanc, on finding that 
the vapour-density of the ether determined at SIX'", amounted to only 
9%9, instead of 12-5 which is its calculated value. Part of the ether is, 
in fiict, converted into chloraldehyde, even by distillation. If the ether 
prepared by (2), which has therefore been already once distilled (and 
therefore already contains chloraldehydej be distilled a second time, the 
boiling point rises from 105'^ to 280°, and the more volatile portion, which 
first passes over, consists chiefly of chloraldehyde (Cloez). — 2. Chlorine 
gas passed through perchloracetic ether heated to 120° and exposed to 
the sun, produces a large quantity of sesquichloride of carbon which 
sublimes. Hence the chlorine takes the place of oxygen (Leblanc): 

-f- 4C1 = 2C^a« + 40. 

[The evolution of oxygen remains to be proved], — 3. Perchloracetic ether IS gra- 
dually decomposed in contact with water, and therefore also in moist air, 
into terchloracetic and hydrochloric acid (Leblanc) : 

C8C1W + 4HO = 20-^013110^ + 2HC1. 

4. Strong potash-solution decomposes it almost instantly and in a similar 
manner (Leblanc): 

C«C1W + 4KO = 2C'*C13KO^ + 2KCL 

5. It absorbs ammoniacal gas, and immediately solidifies to a mixture of 
chloracetamide and sal-ammoniac. When it is dropped into aqueous 
ammonia, each drop hisses like red-hot iron falling into water, evolving 
also a white fume, and forming chloracetamide which precipitates, and 
sal-ammoniac which remains in solution (Malaguti, Cloez) : 

C^CISO^ + 4NH3 = 2C4NH3CF02 + 2NH^CL 

Alcohol decomposes perchloracetic ether, with evolution of heat, form- 
ing terchloracetic ether and hydrochloric acid (Malaguti): 

CSCPO^ + 2C4HW = 2Cm^Cl^O* + 2HCL 

In the reactions 4, 5, and fi, perchloracetic ether agrees exactly with 
chloraldehyde (Malaguti). 

Oil of vitriol neither dissolves this ether nor colours it (Leblanc), 


VOL. IX. 
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PercMorovinic Oxalate. C“Cl“0®=2C‘Cro,C*0®. 

Maiaguti. A}in. Ohim. Fhys. 74, 299; also Ann. Pharm. 37, 66 ; also 

J. pr. Chew.. 22, 199. — N. Ann. Chim,. Phys. 16, 46; abstr. J. pr. 

Chew. 87, 430. 

PercJilorosQalic ether, Perchloroxahnnester, Chloroa^aldther, Ether chloroxaligue. 
— - Discovered by Malaguti in I84O. 

Formation and Freparaiion. CWorine acts npon oxalic ether only 
when aided by heat and light. To obtain perchloroxalic ether^ dry 
chlorine gas is passed through oxalic ether contained in a tubulated retort 
which is heated in the water-bath, and at the same time exposed to the 
SUE. After an hour or two, hydrochloric acid gas begins to escape, and 
continues during the rest of the process. In 25 to 30 hours, the liquid 
becomes syrupy, and deposits crystals of perchloroxalic ether, from which 
the supernatant liquid must be decanted as often as they collect in suffi- 
cient quantity to interrupt the passage of the gas; the process must be 
continued till the liquid is almost wholly converted into crystals. The 
whole mass of crystals Is then pressed between blotting paper till they 
no longer make the paper greasy; the mass pulverized, washed on a filter 
of Swedish blotting paper with acetic ether, till the liquid which runs 
through no longer reddens litmus or but very slightly; the residue again 
pressed between paper; again washed, &c., till the crystals no longer 
taste sour. To free them from the paper-fibres which get mixed with 
them during these several processes, 0*3 or 0*4 grm. of the crystals is 
spread out on the inner surface of a platinum crucible having a diameter 
of 6 centim.; the crucible placed upon a metal plate; and carefully heated 
by a spirit-lamp quickly moved about under the plate, so that the ether 
may melt and run down to the bottom, while the paper-fibres remain 
sticking to the sides. The ether solidifies to a crystalline crust, which 
for further purification is placed in water for 48 hours, then washed, and 
quickly dried in vacuo over oil of vitriol. The quantity of the ether 
fused in one operation must not be greater than that above stated; other- 
wise the paper-fibres are apt to char and impart to the ether a sour and 
disagreeable odour, so that it will require to be washed and pressed again. 
Even with 0*3 grm. a certain amount of decomposition takes place; but 
the layer of melted liquid being very thin, the greater part of the 
decomposition-products escape in the form of a dense suffocating vapour. 

IVoperties. Colourless, four-sided tables, transparent when recently 
prepared, but opaque after being kept for some time. Melts at 144° with 
incipient decx)mposition. Inodorous, tasteless, perfectly neutral. 


12 C 


. 72 . 

14-69 .. 

Malaguti. 
14*82 

H 




0*10 

10 Cl 


. 354 . 

.. 72*25 .. 

70-90 

8 0 


. 32 . 

... 13*06 .. 

14*18 

C12C110O8 .... 


. 490 . 

... 100*00 .. 

100*00 


Decompositions. 1. Perchloroxalic ether heated in a distillatory 
apparatus, is resolved between 280° and 200° into a mixture of carbonic 
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oxide and phosgene gas — the phosgene predominating at first, and the 
carbonic oxide afterwards — and a transjjarent, colourless distillate, con- 
sisting of chloraldehyde and imdecomposed perchloroxalic ether, which, 
after several repetitions of the distillation, is at length completely resolved 
into the gaseous mixture and chloraldehyde. The ether undergoes the 
same decomposition at ordinary temperatures, when kept for some time 
even in a sealed glass tube; it then becomes fuming, and acquires the 
odour of phosgene: 

C12C110O8 = 2C^CP02 + 2CaO + 2CO. 

2. Perchloroxalic ether exposed to damp air, becomes sour, fuming, 
and deliquescent. — 3. When boiled with potash-ley, it dissolves, gives 
off a sweet-smelling vapour and a small quantity of chloroform, and 
leaves a residue of oxalate, terchloracetate, and formiate of potash, toge- 
ther with chloride of potassium. The products first formed are oxalate 
of potash, terchloracetate of potash, and chloride of potassium: 

C12C110OS + 8KO = C‘^K208 + 2C4C13KO-^ + 4KCL 

But the excess of potash decomposes part of the terchloracetate, yielding 
chloroform and carbonate of potash: 

CWKO^ + HO + KO = C3HC13 + 2(KO,C02); 

and afterwards part of the chloroform, yielding formiate of potash and 
chloride of potassium: 

C2HC13 + 4KO = CSHKO*^ + 3KCi. 

4. With ammonia, perchloroxalic ether forms sal-ammoniac, chlorox- 
ethamide, another amidogen compound, and one or two peculiar ammo- 
niacal salts. Dry ammoniacal gas passed over the pulverized ether is 
absorbed, with evolution of heat, and formation of a white fume, a white 
fibrous and laminated sublimate, a yellowish crystalline crust, and a dis- 
agreeably smelling vapour. When the mass thus produced is treated 
with common ether, sal-ammoniac remains behind; the ethereal solution 
yields by evaporation crystals of chloroxetharaide ; the mother-liquor, 
when farther evaporated, deposits flat grains of another amide; and the 
mother-liquor decanted from this, leaves, when evaporated in vacuo, a 
tolerably copious residue, which, under the microscope, presents the 
appearance of a mixture of grains, prisms, four-sided tables, and amoi'- 
phous matter. This residue gives off ammonia when treated with potash- 
hydrate, a result which cannot he due to the presence of oxalate or 
formiate of ammonia, inasmuch as the residue is completely soluble in 
ether, and its aqueous solution gives no perceptible turbidity with chloride 
of calcium or nitrate of silver. — With aqueous ammonia, in which every 
drop of the ether makes- a loud hissing noise, the same products are 
formed, excepting that the quantity of chloroxeth amide produced is much 
less, and that a little oxamide is formed which falls down together with 
the chloroxethamide as a white powder. 

5. With alcohol, perchloroxalic ether becomes heated, gives off a 
small quantity of carbonic oxide gas, often mixed with carbonic acid 
gas and vapour of hydrochloric ether, and forms a pale yellow liquid, 
which, on the addition of water, deposits a pale yellow, oily mixture of 
chloroxethide = C^CPO^, and a small quantity of oxalic ether, while 
ehloroxalovinic, terchloracelic, oxalic and hydrochloric acid remain in 
solution. — The products vary according to the temperature, strength, 

R 2 
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and quantity of tLe alcoLol. In the following equation, Malaguti sup- 
poses that all the above-named acids form compound ethers with the 
alcohol, and overlooks the carbonic oxide, carbonic acid, and the cblor- 
oxalovinic acid found in the aqueous solution : 

3C12C110OS + 14CWO^ = 8C-^H5C1 + + 2OTF05’ + 14HO. 

/ V ^ / S / N 

hydrochloric oxalic terchloracetic chloroxethide. 
ether. ether. ether. 

6. Chloroxalovinic ether is likewise immediately decomposed by 
wood- spirit, acetone, fusel-oil and oil of turpentine, more slowly by vinic 
ether and acetic ether, and very slowly by acetate of methyl (Malaguti). 

When wood-spirit is added drop by drop to perchloroxalic ether, as 
long as it causes any rise of temperature and evolution of hydrochloric 
acid gas, and water added after cooling, an oily mixture of cliloromethylic 
formiate and methylic oxalate falls to the bottom. (Cahours, Ann, 
GUm. Fhys, 19, 342; also /. pr. Chem, 40, 429.) 


Chlorozetliide. CsCPO’= C^CPO,C^O« ? 

Malaguti (1840). Ann. Chim. Pliys, 74, 308; also /. pr. 22, 
208. 

Cldoroxathid, Acidechloroxalomnique anhydre^ Chloroxitide, 

When perchloroxalic ether is added to alcohol, and water added to 
the mixture, chloroxethide, contaminated with a small quantity of oxalic 
ether, is precipitated in the form of a pale yellow oil. This oil has a 
sp. gr. of 1-3485 at 1 8*5°; a vinous odour; persistent sweet taste, with 
bitter after-taste; and does not redden litmus, excepting after exposure 
to moist air. 

It is insoluble in water, which however becomes acid by contact with 
it, but without taking up hydrochloric or oxalic acid. It dissolves in 
cold aqueous fixed alkalis, forming a ehloroxalovinate of the alkali; but 
at a boiling heat it forms an alkaline oxalate and a metallic chloride: 

C8CP07 + KO = m5K02,C40S* 
and 

CSCIW 4- 9KO = 2C4KW + 5KC1. 

With ammoniacal gas or aqueous ammonia it immediately forms pure 
crystalline chloroxethamide: 

+ NH3 = C8NH2C1506 + HO. 

It mixes in all proportions with alcohol and vinic ether (Malaguti). 


8C 

48*0 . 

... 17*08 

Malaguti. 
17-06 

5 Cl 

177-0 . 

... 62*99 .. 

62-.59 

70 

56*0 . 

... 19*93 .. 

20*35 

C8CP07... 

28L0 .. 

... 100*00 ... 

100*00 
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CMoroxalovinic Acid. C®HCPO^= C^CPHO^C^O*- 

Malaguti (1840). Ann. Ghim. Phys. 74, 308 j also */• pr. Chein. 22, 
208. 

ChloTweinoxalsdure, Chloroxaloweinsduret Acide chloroxalvinique, Acide cklor- 
oxUique. 

Formation. 1. In tlie decomposition of percbloroxalie ether by 
alcohol (p. 243). — 2. When chloroxetbide is treated with cold aqueous 
solution of fixed alkalis. — 3. When chloroxethamide is treated with 
aqueous ammonia: 

CmWCW + 2HO = NH3,C8HC1508. 

Preparation. By placing chloroxethamide in contact with aqueous 
ammonia till it is completely dissolyed, and evaporating in vacuo, 
crystallized chloroxalovinate of ammonia is obtained. This salt is 
dissolved in water; the solution mixed with carbonate of soda and eva- 
porated, first in the sand-bath, afterwards in vacuo over oil of vitriol; the 
chloroxalovinate of soda extracted from the residue by absolute alcohol; 
the soda precipitated from this solution by the exact quantity of sulphuric 
acid required; the liquid filtered; any excess of sulphuric acid that it 
may contain, precipitated by baryta- water; the liquid filtered again; 
and the alcoholic solution of chloroxalovinic acid evaporated to the 
crystallizing point, first over the water-bath, and then in vacuo. 

Properties. Colourless needles, which melt at a gentle heat. Has a 
burning taste, and forms a white spot on the tongue; if placed for a while 
on the^back of the hand, it produces violent pain and a white spot sur- 
rounded with an inflamed ring. 


8 C 

48 .... 

16*55 .. 

Malaguti. 
16*26 

H 

1 .. . 

0*35 


5 Cl 

177 .... 

61*03 .. 

60*20 

8 0 

64 .... 

22*07 



CSHClW 290 .... 100*00 

Oxalovinic acid in wMcli 5H are replaced by 5 CL 

Combinations. The acid dissolves in all proportions in water and 
deliquesces very quickly in the air. 

C hloroxalomnate of Ammonia. — Preparation {vid. sup.). Crystalline; 
may be fused without decomposing; tastes very bitter and pungent; has 
a faint acid reaction. When heated to the boiling point, it decomposes, 
without evolving ammonia, and gives oflf thick vapours smelling of acetic 
acid. Deliquesces and turns yellowish in the air, but becomes white again 
when dried in vacuo. Soluble in alcohol. 
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Malaguti. 

8C 48 15-63 . ... 15-68 


o 

N 

14 „ 

... 4-56 . 

.... 4*42 

4 H 

4 . 

.. 1-30 ... 

1*39 

5 Cl 

177 

57-66 .. 

. ... 57*44 

8 0 

64 

. 20-85 ... 

21*07 

NH^0,C<C1=0,C<0« 

307 . 

. 100*00 

.... 100*00 


The acid dissolves in all propoxtions in vinic ether and in alcohol 
(Malaguti). 


f, Amidogen Nuclei. 
Amidogen-nucleus C^AdH®. 

Acetamide. C‘NH'0®=c*AdH3,o^ 


DumaSj Malaguti & Leblanc. (1847. ) Compt rend. 25, 657. 


Produced abundantly by the action of aqueous ammonia upon acetic 
ether: 


+ NH3 = C^NH502 + 


White, crystalline; melts at 78°, and solidifies on cooling in beautiful 
crystals; boils at 121°, forming a diatomic vapour. 

Anhydrous phosphoric acid readily converts it into water and cyanate 
of methyl: 

C^NH^O^ C2H3,C2N + 2HO. 

When mixed with potassium, it gives off hydrogen and carburetted 
hydrogen gas, without forming and leaves potash mixed with 

cyanide of potassium (Dumas, Malaguti, Leblanc). 


IT Ethyiacetamide. C^Ad|^^[o*= n| 

WuETZ. N. Ajin. Chim. Fhys. 30, 491; further: Coinpt. rend. 36, 180; 
Chem. Soc. Qu. J. VII. 91. 


FormMion and Freparation, 1. Obtained by the action of ethylamine 
on acetic ether: 

CSH804 4- cmm = CSNHW + 


Acetic ether dissolves readily in aqueous ethylamine. The solution 
evaporated first over the water-bath, and then in vacuo over oil of 
vitriol, gradually condenses to a syrupy liquid which refuses to crystallize. 
— 2, By the action of cyanic ether on glacial acetic acid, carbonic acid 
being evolved at the same time: 


or 


+ C6NH502 = + 2COI 

= nJcSw + 2CO=. 



GLYCOCOL. 


2-i7 

Properties. Differs from acetamide in being li^^^uid, but less Yolatile. 
Boils at about 200°, and distils, almost without decomposition. Caustic 
potash decomposes it, yielding ethylamine and acetate of potash : 

C8NH902 + 2KO =: C'^H^N + 

Anhydrous phosphoric acid decomposes it with separation of carbon 
(Wurtz). 


^ EtKylodiacetamide. 

I ^ 1 

Ci3NHii0*=:02=C^Ad W=N 




Wurtz. Compt rend, 36, 180. 


Formed by the action of cyanic ether on anhydrous acetic acid: 




02 + 


I 

C-*H5,C2N02 = m C4H302 + 2002. 
IC^H302 


When the two liquids, in about equal yolumes, are enclosed in a tube of 
green glass, the tube hermetically sealed and heated in the oil-bath to 
1 80*^, the reaction takes place as aboye, carbonic acid being set free. 

The formation and constitution of this and the two preceding compounds agree 
but ill with the nucleus-theory. The supposition that acetamide contains 1 At. amidogen 
and 3 At. hydrogen, and that in ethylacetamide one of the three H-atoms is replaced by 
ethyl, and in ethylo-diacetamide, one is replaced by ethyl and a second by acetyl, is 
scarcely tenable. The theory which agrees best with their mode of formation is that 
acetamide is ammonia in which 1 At. H is replaced by the radical OH®D2 (othyl or 

f ^ 

acetyl) =N< H ; ethylacetamide is ammonia in which 1 At. H is replaced by 

(C4H302 

acetyl and another by ethyl; and ethylo-diacetamide, is ammonia in which 2 At H are 
replaced by acetyl and the third by ethyl. This view of their constitution assimilates 
them to the compound ammonias, ethylamine, methylethylamine, &c. It is true that 
they do not exhibit basic reactions ; but then it must be remembered that they contain 
the chlorous radical C^H^O^. 


G-lycocoL C^NH^O^ri: C*AdH3,Oi 

Braconnot. Ann, Okim, Phys, 13, 114; also /S'cto. 29, 344; also Gilh, 
70, 390. 

Boussingault. Compt. rend. 7, 493; also J. pr. Qhem. 15, 453; also 
Ann. Pharm. 28, 80. — M. Ann. Ghim. Phys. 1, 257; also Ann. 
Pharm. 39, 304; also J. pr. Ghem. 24, 173. 

Mulder. J.pr.Ckem. 16, 290; abstr. Ann. Pharm. 2^, 79. — J. pr. 
Ghem. 38, 294. 

Dessaignes. Compt. rend. 21, 1224; also Pf. Ann. Ghim. Phys. 17, 50 ; 

also J. pr. Ghem. 37, 244; also Ann. Pharm. 58, 322. 

Laurent. Compt. rend. 22, 789. 

E. N. Horspord. Ann. Pharm. 60, 1. 

Gerhardt. N. J. Phann. 11, 154. 

Leimsusst Leimznckert^ GlyJeokoll, Sucre de Gelatine. 
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Occurs as a copula in feippuric acid (Dcssaignes); and in cholic acid 
(Strecker) . 

Formation. By the action of sulphuric acid on gelatin (Braconnot); 
or of potash on gelatin or meat (Mulder). 

Preparation. 1 . A mixture of 1 pt. pounded glue, and 2 pts. oil of 
yitriol, is set aside for 24 hours, then diluted with 8 pts. of water; the 
liquid kept boiling for 5 hours, the water being renewed as it evaporates; 
neutralized with chalk after further dilution; and the filtrate evaporated 
to a syrup. This syrupy liquid when left to itself for some time, yields 
crystals, which are washed with weak spirit, pressed between linen, and 
purified by crystallization from water (Braconnot). — These crystals 
ai'e still contaminated with soluble salts, and therefore yield from 2 to 1 1 
p.c. of ash. They must therefore be boiled for some time with milk of 
baryta, which does not cause any evolution of ammonia; the baryta pre- 
cipitated from the filtrate by careful addition of sulphuric acid; and the 
liquid filtered and evaporated to the crystallizing point, which is very soon 
attained (Boussingault). — Mulder obtained, by Braconnot’s process, very 
little glycocol, but a large quantity of leuciu. 

2^ Glue is boiled with potash-ley, which causes a copious evolution of 
ammonia; the liquid neutralized with sulphuric acid; evaporated; 
separated from the sulphate of potash, which crystallizes out; again 
evaporated; and the residue exhausted with alcohol, which takes np the 
glycocol, together with a small quantity of leucin. As leucin dissolves 
in alcohol much more readily than glycocol, the two substances are easily 
separated — The Iiurification is easier in this process than in (1) because no leucin 
is formed (according to Mulder, a small quantity) ; the glycocol thus obtained also leaves 
a small quantity of ash : milk of lime may be used instead of pola&h-ley (Boussingault). 

3. Four ounces of hippuric acid (prepared by Bensch’s process), is 
heated in a flask, of 1 litre capacity, with 16 oz. of strong hydrochloric 
acid till it dissolves; the heat then continued half an hour longer; the 
liquor diluted with water, which throws down heavy oily drops of fused 
benzoic acid; filtered, when suflRciently cooled, to separate the benzoic 
acid, which has then for the most part crystallized out; the benzoic acid 
washed with water as long as the water thereby acquires a sour tasjte; the 
filtrate containing hydrochiorate of glycocol, together with hydrochloric 
and benzoic acid, evaporated nearly to dryness in an open basin on the 
water-bath, to expel the free acids; water then added; the solution again 
evaporated; and these operations repeated till the residue consists of 
pure hydrochiorate of glycocol. This salt mixed with aqueous ammonia 
sufficient to produce an alkaline reaction, then mixed with absolute 
alcohol, and set a^ide for some time, deposits nearly all the glycocol as a 
crystalline powder, while sal-ammoniac, together with a trace of benzoic 
acid, remains in solution.. The crystalline powder is washed on the filter 
with absolute alcohol, till the liquid which runs off no longer produces 
turbidity in a silver-solution (Horsford). 

4. Glycocol is likewise obtained by boiling cholic acid with hydro- 
chloric acid or aqueous alkalis (Strecker). 

Properties. Crystallizes more readily than common sugar, in hard, 
colourless, aggregated tables, which crackle between the teeth ( Bracon- 
not). Large prisms and rhomhohedrons (Mulder). The saturated 
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solution in water or weak spirit yields by spontaneous evaporation, 
crystals of the oblique prismatic system (Horsford). Melts more easily 
than common sugar. About as sweet as grape-sugar (Braconnot); 
inodorous and very sweet (Mulder); less sweet than common sugar 
(Horsford); slightly sweet and leaves an unpleasant after-taste. (Bous- 
singault). Neutral to vegetable colours (Mulder, Horsford). IT Per- 
fectly pure glycocol, free from hydrochloric acid, reddens litmus-paper 
distinctly (Dessaignes, Ann, Fharm, 82, 237). H — Permanent in the air 
(Mulder). When heated with strong potash, it exhibits a magnificent 
fire-red colour, which disappears on continuing the heat. Even in small 
quantity, it prevents the precipitation of aqueous sulphate of copper by 
potash, a blue mixture being in fact produced; a boiling aqueous solution 
of glycocol also dissolves oxide of copper, forming a blue solution, and 
yields needles on cooling (Horsford). 





Boussingault. 

Mulder. 

Laurent. 

Horsford, 


Crystallized, 

at 120^ 

earlier. 

later. 



4 C. . 

24 

32 00 

... 33*85 .... 

34*18 . 

.. 32*11 . 

. 32*10 . 

... 31*98 

N . 

14 

18*67 

.. 20*00 .... 

19*34 .. 

.. 18*73 . 

. . 18-95 . 

. . 18*79 

5 H . 

. 5 . 

6*67 

6*44 .. 

6*49 .. 

.. 6*85 

6*66 . 

- . 6*87 

4 O 

. . 32 

42 66 

.. 38*71 .... 

39*49 .. 

.. 42*31 

42*29 . 

.. 42*36 

C^NH»0^ 75 .. 

100*00 

.... 100-00 .. 

100*00 . . 

,. 100*00 

... 100 00 

. . 100 00 


Mulder supposes that the first sample of glycocol which he analyzed 
and from which he deduced the formula C®N^H®0’^, was contaminated with 
leucin; the same was perhaps the case with Boussingault’s glycocol, 
which gave the formula Gerhardt {Frtcis, 2, 442) first 

suggested the formula C^NH®0^, which was soon afterwards confirmed by 
the investigations of Dessaignes upon hipp uric acid, and subsequently by 
the analyses of Laurent, Mulder and Horsford. Mulder however doubles 
the formula, making it C®N^H^®0®. Horsford likewise distinguishes a 
hypothetical anhydrous glycocol = C*NH^O®, which with HO forms crys- 
tallized glycocol. According to the radical theory, this supposition is so far 
well founded that 1 At. H. in glycocol is replaceable by 1 At. of a metal. 

Tbe rational formula C'^AdH®,0* is improbable for this reason: that 
glycocol gives ofiT ammonia only when boiled with very strong alkalis, 
and that, if it contains 40 outside tbe nucleus, it should possess more 
decided acid properties. On the other hand, its acid nature is in accord- 
ance with the fact that it is capable of combining with metallic oxides, 
the reaction being attended with formation of 1 At. water; and that in 
combination with 1 At. of another acid, it forms a conjugated acid which 
accoruing to Gerhardt’s law (p. 222) saturates 1 At. of a base. Accord- 
ing to this view, glycocol is acetic acid C'^H‘^0^ in which 1 At. H is 
replaced by 1 Ad, — Gerhardt accordingly regards glycocol as the amide 
of a bibasic acid = C^H^O®': 

+ NH3 = + 2H0j 

just as oxamic acid is produced from oxalic acid : 

+ NH3 = C^NH^O® + 2HO. 


Decompositions, 1. The crystals freed from adhering moisture by 
drying in vacuo at ordinary temperatures, do not undergo any further 
diminution in weight at 130° (Boussingault), or even at 150° (Horsford), 
By dry distillation they yield an ammoniacal distillate and a small quan- 
tity of white sublimate (Braconnot). At 178° they begin to melt, then 
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decompose, with formation of products having an empyreumatic animal 
odour, and leave a mass of tumefied charcoal (Mulder). — At 170*^, the 
crystals turn brown at the lower part and give off gas, whilst the upper 
part melts and crystallizes again on cooling; at 190°, partial carbonization 
takes place (Horsford). — 2. When an aqueous solution of glycocol is 
separated from water by a piece of bladder, one polar wire [which'?] of a 
4rpair Bunsen's battery dipped into the solution, and the other into the 
water, gas is evolved at both poles, the liquid round the negative pole 
acquires an alkaline reaction, and that around the positive pole an acid 
reaction, perhaps from formation of ammonia and furaaric acid [or more 
probably maleic acid,] (Horsford), 

3. In a stream of chlorine gas, the crystals immediately give off 
water and hydrochloric acid, and are converted into a brown resin par- 
tially soluble in water. The brown, strongly acid solution, deposits when 
filtered large crystals which have not been further examined. — The same 
decomposition is produced by bromine and by iodine (Mulder). — The 
saturated aqueous solution of glycocol rapidly absorbs chlorine gas, with 
formation of carbonic acid, and after three days’ passage of the gas, is 
converted into a syrup containing a peculiar acid; but even after the gas 
has been passed through it for a week, a portion of the glycocol still 
remains undecomposed (Horsford). 

To obtain the baryta-salt of this peculiar acid, the syrup is diluted 
with a small quantity of water; neutralized with ammonia; precipitated 
by chloride of barium; and the precipitate washed a little with water 
and dried, whereby its solubility in water is greatly diminished. 
The salt thus obtained is free from nitrogen, and contains 51*65 p.c. 
BaO, IS’OSC, 1*98H, and 33*380; it is therefore BaO,C®H^O®. 

4. Nitric acid boiled for some time with glycocol converts it into the 
peculiar acid above mentioned, just as chlorine does. So likewise does 
hydrochloric acid, when it is boiled for a long time with glycocol and 
chlorate of potash added frequently in small quantities. The same acid 
is also produced by the action of permanganate of potash (Horsford). 

5. Oil of vitriol blackens glycocol when heated with it (Mulder). — 
When a solution of glycocol in dilute sulphuric acid is evaporated to a 
syrup, the residue dissolved in water, the liquid again evaporated, &c. &c., 
the evaporated mass ultimately solidifies in rhombic prisms, which are 
permanent in the air; have a sour taste, and give off ammonia with 
potash after being washed with alcohol and pulverized ; their solution 
precipitates chloride of barium and bichloride of platinum. — These 
crystals contain 12*87 p.c. C, 14*51 N, 5*42 H, 25*35 0 and 41*85 S 0^; 
they »e therefore = ON’^H^«0^2S0^=NH^0, SO^HO + C^N H^O^SO^ L e. 
sulphate of ammonia combined with sulphate of glycocol. Hence 1 At. 
glycocol probably yields 1 At. ammonia, which goes to form the double 
salt, while fumaric [maleic] acid is at the same time set free. — When 
glycocol is heated for several hours with dilute sulphuric acid, the water 
being replaced as it evaporates, the greater part of the sulphuric acid 
then precipitated by oxide of lead, and the rest by baryta- water, — the 
filtrate concentrated, first by evaporation, then over oil of vitriol, yields 
b^utiful rhombohedrons, which are sparingly soluble in cold water; 
insoluble in alcohol and ether ; give off ammonia when treated with 
potash; and, in the state of concentrated solution, form with nitrate of 
silver a precipitate insoluble in nitric acid; with chloride of calcium, on 
^Idition of ammonia, a crystalline precipitate ; and with chloride of 
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barium a precipitate soluble in bydrocbloric acid, whereas the salt, after 
fusion with hydrate of potash and supersaturation with hydrochloric 
acid, throws down sulphate of baryta from chloride of barium. The 
crystals of this salt, which must contain a conjugated sulphuric acid, 
contain 14*86 p.c. C, 15*28 N, and 5*82 H (Horsford). [As the other 
constituents of this salt were not determined, Horsh rd’s supposition that it is NH^O, 
C-'H-O, SO^, is certainly rather presumptuous^ moreovei* he does not appear to have 
convinced himself that the salt was free from baryta.] 

6. From solution of mercurous nitrate, glycocol throws down metallic 
mercury. 

7. Very strong potash heated with glycocol, evolves ammoniacal gas, 
and produces a splendid fire-red colour which subsequently disappears. 
Hydrochloric acid added to the solidified mass eliminates hydrocyanic 
acid, and oxalic acid appears in the liquid (Horsford). [The equation given 
by Horsford for this reaction assumes the evolution of carbonic oxide, an effect not yet 
actually observed; ought not formiate of potash to be produced ? perhaps according to 
the following equation : 

2C**NH50'‘ + 4KO = NH3 + C-NK + C^HKO^ + + 6H]. 

The fiery colour is also produced when glycocol is heated with hydrate of 
baryta or oxide of lead. Dilute potash and baryta water do not give off 
ammonia when heated with glycocol (Horsford). 

Sulphuretted hydrogen exerts no decomposing action on an aqueous 
solution of glycocol, even after a long time. Glycocol dissolved in 
aqueous pentasulphide of potassium, and mixed with alcohol, yields on 
evaporation a syrup, and afterwards a crystalline mass, not yet examined, 
(Horsford). — A solution of glycocol is not thrown into a state of fermen- 
tation by yeast (Braconnot). If According to Buchner, however, 
(Ann. Tlmrm. 78, 203), glycocol under the influence of a ferment and in 
presence of an alkali, gives off* a considerable quantity of carbonate of 
ammonia, and is resolved into a number of products of simpler con- 
stitution. IT 

OoTnhinations. — Glycocol dissolves in water, but not in much greater 
quantity than sugar of milk, and separates in crusts even during the 
evaporation of the solution (Braconnot). It dissolves in 4*4 pts. of cold 
water (Mulder); in 4*3 (Horsford). 

Sul]phos€Lcc7LaTw Acid, or Monosul'pkate of Glycocol, — The solution of 
75 pts. (1 At.) glycocol in 49 pts. (1 At.) oil of vitriol [and water f\ 
crystallizes to the last drop, in thick, highly lustrous prisms, from which 
the glycocol may be recovered by the action of carbonate of lime or 
carbonate of lead. (Dessaignes.) — When glycocol is dissolved in hot 
alcohol, sulphuric acid added by drops to the solution when cold, and the 
mixture set aside for a few days, crystals (a) are obtained, =G*NHW,SO®, 
sometimes in long slender prisms with right terminal faces, sometimes in 
tables having a strong lustre. The crystals have a sour taste; are per- 
manent in the air; do not lose weight at 100°; dissolve in water and in 
warm aqueous alcohol, but not in absolute alcohol or in ether. — Proceed- 
ing ill the same manner, with the exception of heating to the boiling 
point after the addition of sulphuric acid, the crystals b = C^NHW,SO 
are sometimes obtained in a form resembling that of common sulphate of 
copper (Horsford). 
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Crystals a. Horsford. 

4 C 24 . .. 22*65 22*41 

N 14 ... lE-21 13*05 

4 H 4 .... 3*77 5*56 

3 0 24 .... 22*64 21*01 

S03 40 . 37*73 37*07 


106 .... 100*00 100*00 

Crystals h. Horsford. 

4 C 24 . . 20*87 

N 14 .... 12*17 12*37 

5 H 5 . 4*35 

4 0 32 .... 27*83 

S03 40 .... 34*78 


115 ... 100*00 

The large quantity of hydrogen obtained in a renders the analysis doubtful. 

Horsford likewise obtained tbe two following basic compounds : 

Disuipkaie of Glycocol. — Tbe crystals contain 25*70 per cent of C 
and 6 01 H, and therefore consist of 2C^NH®0^,SOl 

Sesquibasic Sulphate of GlycacoL — a. The crystals contain 27*74 p.c. 
sulphuric acidj and therefore consist of 2C^NH^0^ C^NH^O‘^,2SOl — 
p. A mixture of the solutions of a and 7 yields crystals, containing 25*6*5 
p.c. sulphuric acid and therefore =::2C^NH®0V^S0® HO. — 7. A solution 
of glycocol in weak spirit, mixed with sulphuric acid even in large excess, 
deposits in the course of 24 hours, long rectangular prisms which are acid 
and permanent in the air (Horsford). 


Crystals y dried in vacuo. 


Horsford. 

12 C 

72 . 

22*29 .. 

. . 22*58 

3 N .... . ... 

42 .... 

13*00 . 

.. .. 13*31 

17 H 

17 .... 

5*26 . 

5*62 

14 0 

112 .... 

34*69 

34 03 

2 S03 

80 .... 

24*76 . 

24*46 

3C->NH«0^,2S03,2H0 .. 

323 . 

100*00 . 

100 00 


IlydrocJdoro-saccharic Acid, or Mc/iio-liydrochlorate , of Glycocol , — 
When hij:>puric acid is boiled for half an hour with hydrochloric acid, 
the liquid left to itself till the benzoic acid has separated by cooling, and 
the mother- liquor decanted and evaporated, long prisms are obtained 
from which the glycocol may be separated by carbonate of lead. (Des- 
saigncs). The mother-liquor evaporated to a syrup and cooled, deposits 
long flat prisms, which, when washed with alcohol after the mother-liquor 
has been decanted, are transparent and strongly lustrous; they have a 
sour and slightly astringent taste; are not changed by keeping them over 
oil of vitriol; deliquesce slowly in the air; and dissolve readily in water 
and hydrated alcohol, hut sparingly in absolute alcohol (Horsford). 


Crystals dried over oil of vitriol. 

Horsford. 

4 C 

.. 24-0 . 

... 21*54 ... 

.... 21*20 

N 

.. 14*0 . 

... 12*57 .... 

.... 12 57 

6 H 

.. 6*0 . 

... 5*39 .... 

.... 5*95 

4 0 

.. 32*0 . 

... 28*72 .... 

.... 28*34 

Cl 

.. 35*4 . 

.. 31*78 .... 

. .. 31*94 

C^KWO^.HCl .... 

, 111*4 .. 

100*00 .. 

.... 100*00 
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According to Horsford^ there are certain basic compounds to 
under this head also. 

Di~hydroclilorate of Glycocol. — a. With coonparatively little water, — 
When hydrochloric acid is added to a concentrated aqueous solution of 
glycocol, and then a quantity of alcohol sufficient to produce a slight 
turbidity, crystals are formed which increase if alcohol be repeatedly 
dropped into the liquid ; larger crystals may be obtained by slow evapo- 
ration over oil of vitriol. — Rhombic prisms; of acid and 

sweet taste; permanent in the air. 

p. With more water. — Obtained by dissolving glycocol in aqueous 
hydrochloric acid — which need not be used in exactly equivalent pro- 
portion — and leaving the solution to crystallize (Horsford). 

Crystals a. Horsford. 


8 C 

2 N 

10 H 

7 0 

Cl 

48-0 

28-0 

10*0 

56-0 

35-4 

2;*06 . 
15-78 . 
5-6'3 .. 
31-57 ... 

... 19-96 . 

.... 27*59 
. 15-37 
.... 5-52 

... 31-94 
. 19-58 

C^NIW + C-^NH^O^HCi 

177*4 

.... 100-00 ... 

... 100-00 

Crystals j3 



Horsford. 

8 C 

48'0 

.... 25-75 .. 

26-08 

2 N 

28-0 

.. . 15-02 


11 H 

11-0 

5*90 ... 

6*02 

8 0 

64.0 

.. 34-34 


Cl 

35 4 

.. . 18*99 . 

.. 18 47 

2C-^NHW,HC1 

186*4 

. . 100-00 



Sesquihasic Rydrochlorate of Glycocol. — a. With comparatively little 
water. — 1. An aqueous solution of glycocol is mixed with excess of 
hydrochloric acid, and the liquid set aside to crystallize. — 2. Hydrochloric 
acid gas is passed to saturation over heated glycocol. The compound 
melts between 150° and 170°, giving off water, and generally assuming a 
greenish colour due to partial decomposition. The crystals obtained by 
(1) contain 25*43 p.c. chlorine, and the mass (2) contains 25*72 p.c,; both 
are therefore =^2C"NH^03,C^NH®0^HC1. 

With more water. — Formed in some cases by the same two pro- 
cesses as a; the crystals contain 24*59, and the fused mass obtained by 
heating the glycocol in hydrochloric acid gas, contains 24*23 p.c. Cl. Both 
are therefore = C^NH^O*,2C^NH^OSHCl (Horsford). 

According to Mulder, glycocol dried at 100° absorbs no hydrochloric 
acid gas in the cold. 

NUrosacckaric Acid, or Nitrate of Glycocol, — Glycocol dissolves 
without effervescence or decomposition of any kind, in dilute nitric acid 
either cold or warm; and by careful evaporation and cooling, a crystalline 
mass is obtained amounting to much more than the glycocol used; it 
must be pressed between paper and recrystallized from water (Bracon- 
not.) — Transparent, colourless, flattened, faintly striated prisms, like 
those of Glauber’s salt, and having an acid, slightly sweetish taste 
(Braconnot). — In most cases, large, transparent, rhombic crystals are 
obtained; but sometimes the aqueous solution, when left to cool quietly, 
does not crystallize spontaneously, but on agitation, solidifies instantly to 
a mass of needle-shaped crystals (Mulder). — A solution of glycocol in 
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nitric acid, evaporated over oil of vitriol, sometimes yields large tables 
permanent in the air, and belonging to the oblique prismatic system, 
sometimes, especially if the liquid has been heated, needles (Horsford), 


Crystah dried in vacuo over oil of vitriol 


at ordinary ter. 

nperatures. 


Boussingault. 

Mulder. 

Horsford. 

4 C 

24 ... 

17*39 

17*32 ... 

.... 18-33 ... 

17*49 

2N 

28 .... 

20-29 

20-20 .. 


.... 20*51 

6 H 

6 ... 

4*35 

4-53 . 

. ... 4-31 .. 

. ... 4-70 

10 0 

80 .... 

57*97 

57-95 . 


57*30 


138 . 100-00 

100*00 . 


100-00 


The crystals dried at ordinary temperatures in vacuo give oJff 4 5 p.c. 
water when heated to 110° in a current of air (Boussingault), [6*52 p.c. 
would be 1 At. water]. Heated to 120'' with an excess of fixed base, 
they give off 3*64 p.c.; at 150^, they lose 3 13 p.c. more; and at 170°, 
6*36 p.c. more; on the whole, therefore, 13*03 p.c. == 2 At. water 
(Mulder.) 

Nitrosaccharic acid swells up strongly when heated, and detonates 
slightly, giving off a pungent vapour (Braconnot). It dissolves in water, 
but not in alcohol, not even when the alcohol is very dilute and at a 
boiling heat. The salts of nitrosaccharic acid deflagrate on red-hot coals 
like nitre. 

IF Basic Nitrate of Glycocol. — When 2 At. glycocol are dissolved 
in 1 At. dilute nitric acid; and the liquid evaporated, a viscid residue is 
left, which slowly changes to a crystalline mass resembling nitrate of 
urea. The crystals dried over oil of vitriol, contain 28*65 p.c. NO®, HO; 
agreeing with the formula 2G^NH®O^HO,NO®. (Dessaignes, N. Ann, 
Chim. Fhys. 34, 1 43; Ann. Bharm. 82, 236.) V. 

Dry glycocol does not absorb Ammoniacal gas, but dissolves in aqueous ammonia. 

Glycocol with Potash. — A solution of glycocol in dilute potash, 
evaporated to a syrup over the water-bath, yields very deliquescent 
needles, which must be quickly washed with alcohol. Their alcoholic 
solution has a strong alkaline reaction. 

Glycocol with Chloride of Potassium, — The aqueous solution of 
glycocol and chloride of potassium, evaporated over oil of vitriol to a 
state of high concentration, becomes filled with delicate needles, which 
quioHr become moist in the air, and contain 16*58 p.c. C; hence their 
formula is C^NH*0®,KC1 (Horsford). 

Bnlphosaccdiarode of Potash. — When alcohol is added to an aqueous 
naixture of glycocol and bisulphate of potash, this salt is precipitated in 
translucent prisms, which, after drying over oil of vitriol, contain 30*94 
p.c. sulphuric acid, and are therefore KO,2C^NH^O®,2SO® (Horsford). 

Nfitrosoiocharate of Potash. — Obtained by neutralizing nitrosaccharic 
acid with potash (Braconnot), or by mixing an aqueous solution of 
glycocol and nitre with alcohol (Horsford). Needles which taste like 
nitre, have a faintly sweet after-taste, and deflagrate on glowing coals 
like nitre (Braconnot). Braconnot likewise distinguishes an acid salt, which, 
also crystallizes in needles. 
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Dried, Boussingault. 

KO 47*2 .. 28-23 ... . 27-83 

4 C 24-0 . .. 14*35 14-24 

2N 28-0 .... 16*75 16-61 

4 H 4*0 .... 2-39 2*50 

8 0 64-0 .... 38-28 38*82 


C^NH-^KO^NO^.... 167*2 .... 100*00 100*00 


Glycocol with Chloride of Sodium. — Crystallizes after some time from 
a concentrated aqueous solution of glycocol and common salt wMcli has 
been mixed with absolute alcohol (Horsford). 

Glycocol with Baryta. — When glycocol is triturated with Hydrate of 
baryta, a semifluid mass is obtained, which, on being mixed with water 
and left at rest, yields after awhile crystals of this compound (Horsford). 

Glycocol with Ohlomde of Barium. — A solution of 1 At. chloride of 
barium and 1 At. glycocol in hot water, yields rhombic prisms on cooling, 
and flat needles by precipitation with alcohol. The salt is bitter, neutral 
and permanent in the air; contains 55*34 p.c. chloride of barium, so that 
its formula is BaCl,C^NH^OSHO (Horsford). 

Kitrosaccharate of Baryta. — 138 pts. (1 At.) of nitrosaccharic acid 
dried in vacuo, supersaturated with baryta-water, and then freed from 
excess of baryta by carbonic acid and boiling, retain 102 pts. (nearly 

At.) of baryta in combination (Mulder). 

IF Glycocol with Lime. — G-lycocol boiled for some time with carbonate 
of lime dissolves a considerable quantity of lime (Dessaignes). IT 

Witrosaccharate of Lime. — Aqueous nitrosaccharic acid saturated 
with carbonate of lime, yields on evaporation needle-shaped crystals, 
which are permanent in the air, sparingly soluble in water, and when 
thrown on red-hot coals, first melt in their water of crystallization, and 
then deflagrate like nitre (Braconnot), 

ILitrosaccharate of Magnesia. — Uncrystallizable, deliquescent; when 
thrown on red-hot coals, it intumesces strongly, detonates slightly, and 
leaves a brown, arborescent, tumefied residue (Braconnot). 

Glycocol with Chromate of Potash ? — An aqueous solution of glycocol 
and bichromate of potash, mixed with absolute alcohol, soon yields 
crystals, which even when left in the liquid, decompose in a few days, 
with separation of carbon (Horsford). 

IT Glycocol wiLh Zinc-oxide. — Zinc-oxide dissolves readily in a hot 
solution of glycocol, and the liquid on cooling, yields laminar crystals 
having a silky lustre. The crystals dried in the air contain 35*75 p.c. 
zinc-oxide; the formula C^NH®0^,ZnO requires 35*07 p.c. (Dessaignes). T 

Mitrosaccharate of Zinc. — Zinc dissolves in nitrosaccharic acid with 
evolution of hydrogen, and forms a crystallizable salt (Braconnot). 

If Glycocol with Oadmic Oxide. — Cadmic oxide forms with glycocol 
a compound very much like that which glycocol forms with zinc-oxide, 
and containing 45*82 p.c. GdO; the formula C^NHW,OdO requires 
45*94 p.c. (Dessaignes). 
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Glycocol with Frotocliloride of Tin, — Crystallizes from a mixture of 
tEe saturated aqueous solutions of glyoocoi and protocliloride of tin 
(Horsford). 

Glycocol with Lead-oxide. — Glycocol mixed with excess of protoxide 
of lead, and thoroughly dried by heat, gives off 12*5 p.c. water (Mulder). 
[12 p.c. = 1 At.]. When protoxide of lead is boiled with aqueous 
glycocol, and the solution filtered and evaporated out of contact of air, 
colourless needles are obtained, which, after drying at 120°, give off no 
more water at 150°, but are decomposed by carbonic acid (Boiissingault). 
They effloresce in vacuo (Mulder). Their solution has an alkaline 
reaction (Boussingault). When the filtrate obtained after boiling 
aqueous glycocol with lead-oxide is mixed with alcohol till it begins to 
be turbid, prisms are gradually formed resembling cyanide of mercury, 
and increasing on frequent addition of alcohol (Horsford), 


at 120°. Muld. & Ballot. Boussingault. 

PbO 112 ... 62'92 64*9.1 .. . 64*90 

4C 24 ... 13*48 . ... 13*49 13*29 

N 14 ... 7*87 .. 7*78 

4 H 4 .... 2*25 . . . 2*13 . . . 2*04 

3 0 24 .. 13*48 ... 11*99 


C^NH^PbO^ 178 .... 100*00 .... .. 100*00 

Crystals air’‘dried. Horsford. 

PbO 112 . 59*90 57*60 

4 C 24 . . 12*83 12-07 

N 14 .... 7*49 

5 H 5 .... 2*67 ... . 2*10 

4 O 32 .... 17‘11 


C^NH^PbO + HO 187 .... 100*00 


ILitrosaccharate of Lead. — Obtained by dissolving lead-oxide in 
nitrosaccharic acid (Braconnot), or the compound of lead- oxide and 
glycocol in nitric acid (Boussingault). — The compound is not crystal- 
lizable, but gummy; it is permanent in the air, and deflagrates in the fire 
(Braconnot). — After drying at 130°, it contains 45*92 p.c. lead-oxide 
(Mulder), and is therefore PbO,C^NH®O^NO®. 

Iron behaves with nitrosaccharic acid just like zinc (Braconnot). 
Glycocol imparts a red-brown colour to sesquichloride of iron (Mulder). 

Glycocol wUh Cupric Oxide. — 1. Obtained by boiling cupric oxide 
continuously with aqueous glyoocor(Mulder). The greenish blue filtrate, 
when cooled after sufficient boiling, solidifies to a crystalline mass (Bous- 
singault); it becomes filled with delicate needles of a fine blue colour 
(Horsford). — 2. Hydrated cupric oxide is dissolved in aqueous glycocol, 
and the crystals separated by addition of alcohol (Horsford). — ■ 3. An 
aqueous solution of cupric sulphate and glycocol is mixed, first with 
potash, and then with alcohol, which when sufficiently concentrated, 
precipitates the compound completely (Horsford). The crystals, when 
heat^ to 100°, assume green and violet tints, and give off 8*04 p.c. 
(1 At.) water (Horsford). They give off water at 120°, and afterwards 
no more below 140° (Boussingault). After drying at 100°, they give 
off an additional 3*34 p.c. water at 140°, hut no more at 160° (Mulder). 
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Anhydrous. 


Mulder, 
at 160°. 

Boussinsiault. 
at 140°. 

CuO 

40 . 

.. 37-74 ... 

37-14 . 

37-60 

4 C 

24 . 

.. 22*64 

22*83 

23*57 

N 

14 . 

.. 13*21 .. 


13*92 

4 H 

4 ., 

3*77 

3*86 ! 

3-74 

30 

24 . 

.. 22-64 .. 


21-17 

C-^NH^CuO^ 

106 . 

... 100-00 .. 


100-00 


Crystals dried hi vac. at ord. temp. Horsford. 




4 C 

24 

. .. O-i'/O 

.... 20-87 .... 

.... OO’Q'J 
. 21-10 

N 

14 

... 12-17 .... 

... 12-65 

5 H 

5 

4-35 .... 

4*82 

4 0 

32 

27-83 „ 

... 27-54 


C-^NH'iCuO^+HO 115 . 100-00 100*00 


Glycocol lieated with acetate of copper completely expels the acetic acid (Des- 
saignes). 

Cupric Nitrosaccliarate, — Cupric oxide yields witli nitrosaccliario 
acid, crystals wliicb are permanent in the air (Braconnot). — The salt 
is likewise obtained by dissolving the compound of glycocol and cupric 
oxide in nitric acid. Azure-blue nee<lles, which turn green, and give olf 
a small quantity of water at 150°, and deflagrate between 180° and 182° 
(Boussingault). 


Crystals dried in vac. at 07'd. temp. 


Boussingault. 

2 CuO 

.. 80 .... 

36-70 

36-27 

4 C 

.. 24 .... 

ll'Ol 

....... 11-04 

2 N 

.. 28 .... 

12-84 

12-75 

6 H 

.. 6 .... 

2*75 

2*89 

10 0 

.. 80 .... 

36*70 

37-05 

CuO 4- C% H^CuObNO® + 2Aq .. 

.. 218 .... 

100-00 . 

100-00 


IT Glycocol with Mercuric Oocide, — A gently heated solution of 
glycocol rapidly dissolves mercuric oxide, and tbe solution on cooling, 
yields an aggregate of crystals, which, become opaque when dry. When 
the aqueous solution of this compound is heated to the boiling point, 
carbonic acid is evolved; the liquid becomes coloured; mercury is reduced; 
and a number of decomposition-products are formed, among which is 
formiate of ammonia (Dessaignes, 82, 235). 

Dried in vacuo. Dessaignes, 


HgO 108 .... 59-02 58-98 

75 .... 40*98 41-08 


HgO,C^NH50^ .... 183 .... 100-00 100*06 ^ 

Glycocol with Silver-oodde. — Oxide of silver dissolves readily in hot 
aqueous glycocol. To obtain a saturated compound, however, the two 
substances must be digested together between 80° and 100° for several 
hours, the liquid then boiled for a few seconds, and filtered hot: the 
transparent crystalline grains thereby obtained are dried at 110° in a 
current of dry air (Boussingault). — An aqueous solution of glycocol 
boiled with oxide of silver, and then mixed with alcohol, yields nodular 
crystals, which blacken when exposed to light (Horsford). 

VOL. IX. 


8 
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Dried at 110°. Bonssingault. Boussingaalt h. 


AgO 

... 116 

.... 63*74 ... 

.... 63*75 ... 

54*30 

4 C 

... 24 

.... 13*19 .. 

.... 13*66 ... 

17*15 

N 

... 14 

.... 7*69 ... 

.... 8*07 ... 

10*13 

4 H 

4 

.... 2-20 ... 

2*2] ... 

2*74 

3 0 

.... 24 

.... 13*18 ... 

12*31 ... 

15*68 

C-^NH^AgO^ 

... 182 

.... 100*00 .... 

100*00 ... 

100*00 


If the aqueous solution of glycocolhe not completelv saturated vvith oxide of silver, 
the mother-liquor decanted from the resulting crystals and evaporated in vacuo, yields 
a granular mass much more soluble than the normal compound. It has the composi- 
tion given under b in the preceding table and contains 3 At. silver-oxide to 4 At, 
glycocol (Boussingault). 

UitTOsaccJiarate of Siher. — OLtained bj dissolving oxide of silver in 
nitrosaccliaric acid, or the compound of that oxide with glycocol in nitric 
acid, or glycocol in aqueous nitrate of sdver. Beautiful needles, wliich 
quickly blacken when exposed to light; they do not detonate when 
beated alone (Boussingault). Tke crystals detonate strongly when 
heated; they absorb moisture when exposed to the air (Horsford). 



Crystals. 


Bousshigault. 

Horsford 

AgO 

116 

.. . 49*15 

48*60 

.. 49*83 

4 C 

24 

... 10*17 

10 08 .... 

.. 10*19 

2N 

28 

.... 11*86 

31*83 


4 H 

4 

... 1*70 

1*86 ... . 

... 2*22 

SO 

64 

.... 27*12 

27*63 



CWHAgO^NQs 236 .. 100*00 ... 100*00 

Glycocol with Bichloride of Platinum. — A concentrated solution of 
bichloride of platinum in excels of hydrochloric acid is added to an aqueous 
solution of glycocol, and absolute alcohol added by drops, whereupon the 
mixture becomes turbid and desposils crystals; — or the liquid, without 
addition of alcohol, is evaporated in vacuo over oil of vitriol. Cherry- 
coloured prisms which, when exposed to the air, give off water and become 
lighter coloured on the surface. They contain 33*03 p.c. platinum, and 
therefore consist of PtCP, -H HO. (Horsford). [Or, rather, 

PtCP, C^NH^O^ -f 6HO.] 

Glycocol is insoluble in absolute Alcohol, even at a boiling heat, hut 
dissolves with tolerable facility in hydrated alcohol (Braconnot). It 
dissolves in 930“^ pts. alcohol of sp. gr. 0*828; the boiling saturated 
solution becomes turbid on cooling (Mulder). It does not dissolve in 
ether (Mulder). It is nearly insoluble in absolute alcohol and in ether 
(Horsford). 

It forms a compound which may be regarded as sulphosaccharate of 
ethyl, C^FPO, C^NH^O^, SO®, and contains 17*27 p.c. sulphuric acid pre- 
cipiiable by chloride of barium (Horsford). [The formula, to agree 
with the analysis, must he C^H®0, 2C^NH^O^ SOI] 

Aceto-saccharic Add. When alcohol is added to a solution of glycocol 
in acetic acid till the liquid becomes turbid, crystals are produced which 
increase if alcohol be frequently added in small quantities; the solution 
may also he rapidly precipitated by a large quantity of alcohol, and the 
precipitate recrystiillised from water (Horsford). 



OSAMIG ACID. 


2r)9 


8 C 

Crystals. 

.. 33*33 .. 

Horsford. 
...... 33*33 

N 


.. 9'73 


10 H 

10 .. 

6*94 .. 

7-57 

9 0 


.. 50*00 



C^NHW^C^HW + Aq.... 144 .... 100*00 


Oxalo-saccliaric Acid. — By boiling bippuric acid with concentrated 
oxalic acid, and leaving the mixture to cool, crystals of benzoic acid are 
obtained, and a mother-liquor which yields beautiful prisms of osalo- 
saccharic acid (Dessaignes). A solution of glycocol in aqueous oxalic 
acid yields by evaporation a radiated crystalline mass resembling Wavel- 
lite; by gradually adding alcohol to the solution, beautiful crystals are 
obtained, which are permanent in the air, and contain 32*02 pc. C: 
therefore = C^O* (Horsford). 


yS. Amidogen-nucleus C^AdHO^. 

Oxamic Acid. c^NH*O‘’=c*AdH0^0^. 

Balaei). JV. Ann. Chim. Fhys. 4, 93; also Ann. Pliarm. 42, 196; also 
J.pr. Qhem. 25, 84. 

O^'aminsaure, Acide occamiqiie. — Discovered by Balard in 1842. 

Formation (p. 123). 

Preparation. Dehydrated acid oxalate of ammonia is carefully 
heated to incipient fusion in a tubulated retorted placed on the oil-bath; 
the melted portion mixed with that which is still solid, by means 
of a rod inserted through the tubulure, in order to difiuse the heat 
more uniformly, till the whole softens to a nearly fluid mass, which, as 
the action goes on, becomes pasty and swells up very much. As soon as 
the frotliing ceases, and, in place of an acid distillate which gives off no 
ammonia when treated with potash, hydrocyanate and carbonate of 
ammonia begin to pass over, and produce an effervescence on coming in 
contact with the acid distillate, the distillation must he interrupted, and 
the residual porous mass — which is yellowish if the mixXture has been 
carefully heated, but red-brown if the heat has been too quickly applie<l — 
is treated with cold water, which dissolves the oxamic acid, and sometimes 
also a small quantity of undecomposed acid oxalate of ammonia, leaving 
some coloured oxainide nndissolved. 

To obtain the acid in a state of greater purity, the following processes 
may be adopted : 

1. The preceding cold aqueous solution is neutralized with ammonia; 
crystallized oxamate of ammonia obtained from it by evaporation and 
cooling; this salt dissolved in the smallest possible quantity of hot 
water; an equivalent quantity of sulphuric acid added; and the liquid 
quickly cooled, whereby the oxamic acid is precipitated in the form of a 
white powder. — 2. The solution neutralised with ammonia is precipi- 
tated with a saturated solution of a baryta-salt, the crystalline precipi- 
tate purified by solution in boiling water (digesting it with animal 
charcoal if it he coloured) and crystallization; the crystals decomposed 
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by an equivalent quantity of very dilute sulpburic acid; and tbe filtrat 
gently evaporated to the crystallizing point. — 3. Dry hydrochloric acio 
gas is passed in excess over dry and gently heated oxaniate of silver, 
■whereupon decomposition takes place, attended with great evolution of 
heat. The excess of hydrochloric acid is then expelled by a dry current 
of air; the residue boiled with absolute alcohol and filtered from chloride 
of silver; and the acid obtained by evaporating the filtrate, in the form 
of a colourless powder. If too much heat is applied in decomposing the 
silver-salt, the acid has a yellowish colour. 

J^roperties. White, crystalline, granular : 


4 C 

24 . 

. . 26*97 ... 

Balard. 
26*1 

N 

14 . 

... 15*73 ... 

16-6 

3 H 

3 . 

.. 3*37 .. 

.. .. 3*9 

6 0 

48 . 

,. 53 93 . 

.... 53*4 

C^NHW 

89 . 

.. 100*00 .. 

100*0 


The hypothetical anhydrous acid is C^NH-0^. 

Oxamic acid is reconverted, by boiling its aqueous solution, into 
acid oxalate of ammonia: 

+ 2HO = C4(NH4,H)C)8 

Combinations, The acid dissolves very sparingly in cold water. 

Oxarrmte of Ammonia, — By boiling the baryta-salt with an equiva- 
lent quantity of sulphate of ammonia, evaporating the filtrate, and leav- 
ing it to cool, the ammonia-salt is obtained in small prisms arranged in 


Stellate groups: 

4 C 

2 N 

6 H 

Crystals. 

24 ., 
28 .. 
6 .. 

... 22*64 ... 
... 26*42 ... 
5*66 ... 

Balard. 

22*3 

. ... 26*5 

5*8 

6 0 


48 .. 

... 45*28 ... 

. . 45*4 

C•‘(NH2,NH^O^)0•‘^ 


106 . 

... 100*00 ... 

100*0 


Oxamate of Baryta. — The cold aqueous solution of the residue 
obtained in distilling acid oxalate of ammonia, after neutralization with 
ammonia, precipitates concentrated solutions of baryta-salts, but gives no 
precipitate with dilute solutions, (p. 2o9, 2.) The crystalline precipitate is 
purified by recrystallization from warm water. The salt heated with 
oil of vitriol, gives off carbonic oxide and carbonic acid gases in equal 
volumes, and leaves ammonia in the residue. The salt heated to 150"^ in 
a dry current of air gives off 15*45 p.c. water. 


Crystallized. 


Balard. 

BaO 

. 76 6 

.... 39*98 

.... 41*65 

4 C 

. 24*0 

.... 12*53 


N 

. 14*0 

.... 7*31 


2 H 

. 2*0 

.. . 1*04 


6 0 

. 48*0 

.... 25*05 


3 Aq 

. 27*0 

.... 14*09 .... 

.... 14*87 

C^AdBaO=,0< + 3Aq .. 

.. 191*6 

.... 100‘00 
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Oxamate of Lime. — With lime-salts also, the aqueous solution of the 
acid neutralized with ammonia forms a crystalline precipitate, but only 
when the solutions are tolerably concentrated. If the solution still con- 
tains undecomposed acid oxalate of ammonia, the precipitate becomes 
contaminated with oxalate of lime, which however remains behind when 
the oxamate of lime is dissolved in boiling water. 

Oxamate of Silmr. — Obtained by precipitating nitrate of silver with 
the aqueous solution of the ammonia or baryta-salt. The copious, 
translucent, gelatinous magma soon becomes opaque; it dissolves on 
beating the liquid, and the salt separates again on cooling in white, silky 
needles. These crystals blacken when exposed to light, becoming coated 
with metal; the same effect takes places at 150°^ at which temperature 
no water is given off (Balard). 


4 C 

. 24 ... 

12-25 .. 

Balard, 
12*23 

N 

14 ... 

7-14 .. 

7*29 

2 H 

2 ... 

1*02 .. 

1‘17 

Ag 

. 108 ... 

55*10 . 

..... 54*99 

6 0 

. 48 . . 

24*49 .. 

. ... 24*32 

C^(AdAg02)0-^ ... 

.. 196 .... 

, 100*00 ... 

100-00 


IT Methyloxamic Acid. C''NH50«=C^N(H2Me)0'. 

iVtJRTZ. W A7m. Ohim. Fhys. SO, 465. 

Acid oxalate of methylamine heated to 160° is resolved into 2 At. 
vater, and 1 At. methyloxamic acid (p.172): 

CXH,C2H6N)08 = C6NH506 + 2HO. 

The methyloxamic acid partly remains in the body of the retort, and 
>artlj volatilizes, sometimes forming a crystalline sublimate in the neck. 
The quantity obtained is however hut small, because the greater portion 
»f the acid salt is resolved by the heat into water, carbonic acid, carbonic 
►xide and neutral oxalate of methylamine, and the latter is subseqnently 
converted into methyloxamide (p. 265). As soon as this product appears, 
t is best to interrupt the operation, and treat the residue with a little 
iree oxalic acid. 

The distilled product and the residue must then be dissolved in hot 
vater, the solution saturated with chalk, and filtered. The filtrate yields 
n cooling a mixture of crystals of methyloxamide and methyloxamate of 
ime, the former of which may be easily volatilized by heat, while the 
atter remain unaltered. They may he purified by dissolving them in 
tot water and recrystallizmg: 


Lime-salt. 


Wurtz. 

6 C 

.... 36 . 

.. 29-50 ... 

.... 29-26 

4H 

.... 4 . 

.. 3*27 


N 

.... 14 . 

11-47 


Ca 

.... 20 . 

16-39 .... 

.... 16*43 

6 0 

... 48 , 

.. 39-37 


C-‘N(H.C=HSCa)08 .... 

... 122 . 

... 100*00 
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Bthyloxamic acid, C^NH‘^0® = C*N | ^4 is obtained in a similar 

manner by mixing neutral oxalate of etbylamine with excess of oxalic 
acid, and fusing tlie acid oxalate in the oil-bath at 180°: 

C4(H,C-‘H«N)08 = C8NH706 + 2HO. 

The quantity obtained is but small (Wurtz, JSf, Ann. Chim. Fhys. SO, 
490). IT 


7. Amidogen-nucleus C^Ad^O^. 

Oxamide. C'Ad^O^Ol 

Bafhor ScTiw. 19, 318. 

Dumas. Ami. Chim. Bkys. 44, 129; also X Chim. mid. 6, 401; also 

JSchu. 61, 82; also Pogg. 19, 474. — Ann. Chim. Phys. 54, 240. 

0. Henry & Plisson. Ann. Chim. Phys. 46, 190; also J. Pha^'m. 17, 

177 ; abstr. Bchw. 62, 168. 

Liebig. Ann. Pharw,. 9, 11 & 129; also Pogg. 39, 331 & 359. 

Mohr. Ann. Pharm. 18, 327. 

Pelouze. Ann. Chim. Phys. 79, 104; also J. pr. Chem. 25, 486. 
Malaguti. Compt. rend. 22, 852. 

This compound was first obtained by Bauhof in 1817, on mixing 
oxalic ether with aqueous ammonia; but it was regarded as a compound 
of oxalic ether with alcohol, till Liebig, in 1834, showed it to be identical 
with the oxamide which Dumas had obtained in 1 830, by distillation of 
oxalate of ammonia. 

Formation. 1 . By the decomposition of oxalate of ammonia at high 
temperatures (Dumas, p. 122). If the heat be interrupted before the 
volatilization is complete, oxamide is found in the residue; it is there- 
fore produced before sublimation (Mohr). — 2. By mixing aqueous 
ammonia with oxalic ether (Bauhof, p. ISO). A copious white precipi- 
tate is immediately formed; if however the oxalic ether has been pre- 
viously mixed with alcohol, the formation of the precipitate does not 
take place for some seconds (Bauhof). A solution of oxalic ether 
in vinic ether likewise forms this precipitate with aqueous ammonia 
(Liebig). — 3. By the action of nitric acid on ferrocyanide of potassium. 
(Playfair, VIIL 125.) 

Preparation. — When normal oxalate of ammonia is subjected to dry 
distillation till the residue disappears, oxamide is obtained, partly sub- 
limed in the neck of the retort together with carbonate of ammonia, partly 
floating in flakes in the watery distillate. The whole is suspended in 
water, and the oxamide, amounting to 4 or 5 per cent of the ammonia-salt, 
collected on a filter, and washed with water (Dumas). — The compound 
may also be obtained by neutralizing binoxalate of potash with ammonia; 
adding sulphate or hydrochlorate of ammonia; evaporating to dryness; 
distilling; and washing the sublimate with water to free it from carbonate 
of ammonia. 100 pts. of salt of sorrel, neutralized with ammonia and 
mixed with 60 pts. of sulphate of ammonia, yield 8’25 pts. of oxamide, 
the whole of the sulphuric acid being left behind in the form of sulphate 
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of potash. 100 pts. salt of sorrel distilled with 50 pts. of sal-ammoniac 
(in which case the neutralization with ammonia may be dispensed with, 
because the hydrochloric acid is driven off), yield, first water, then 
hydrochloric acid, then oxamide with carbonate of ammonia, and 5 ‘52 
pts. of sublimed oxamide; the partially decomposed carbonaceous residue, 
washed with water and sublimed again, yields a little more oxamide 
coloured brown by empyreumatic oil (Mohr). 

2. Aqueous ammonia is mixed with oxalic ether, either pure or 
dissolved in alcohol, and the precipitated oxamide purified with water 
and alcohol (Bauhof, Liebig). — Or the distillate obtained from 1 pt. 
salt of sorrel, 1 pt. alcohol, and 2 pts. oil of vitriol may be immediately 
shaken up with aqueous ammonia. The clear mixture becomes heated, 
and deposits oxamide, which must be washed, first with water and then 
with alcohol, to remove sulphovinate of wine-oil which adheres to the 
oxamide and imparts to it a faint ethereal odour (Liebig). 

Properties. White, loose powder, soft to the touch (Bauhof). White, 
confusedly crystallized laminae or granular powder (Dumas). Some- 
times coloured yellowish or brownish in parts by a substance resembling 
paracyanogen (Dumas). — By gentle heating in an open test-tube, it 
may be sublimed without decompostion, in indistinct crystals or as a 
white powder (Dumas, Liebig). When heated in a retort, it melts 
partially, boils, and sublimes undecomposed in part only (Dumas). 
Inodorous, tasteless and neutral (Bauhof, Dumas). 





Dumas. 

Liebig. 

Yarrentrapp 


at 100°. 


(!)• 

(2)- 

(2). 

& Will. 

4 C 

24 .... 

27-27 .... 

26*95 .. 

... 26*9 ... 

..... 27*27 


2 N .... 

28 .... 

31*82 .... 

31*67 .. 

... 31*9 ... 

31*58 

31*7 

4 H .... 

4 .... 

4*55 ... 

4*59 . 

... 4*5 ... 

4 62 


4 0 

32 .... 

36*36 ... 

36-79 . 

... 36*7 ... 

36*53 



88 .... 

100*00 ... 

100*00 . 

... lOO’O .. 

100*00 



Decompositions. 1. Oxamide heated in a retort, melts and boils, but 
only at the hottest parts, and is partly sublimed without decomposition, 
partly resolved into cyanogen, and light, very flocculent charcoal (Dumas). 

— Only the smaller portion decomposes, yielding a small quantity of 
distillate, consisting of alcohol, ammonia, and empyreumatic oil (Bauhof). 

— Oxamide when strongly heated gives off a distinct odour of cyanic 
acid. The vapour passed through a red-hot glass tube 2 feet long, is 
completely resolved, without deposition of charcoal, into carbonic oxide, 
carbonate of ammonia, hydrocyanic acid and urea, which presents the 
appearance of an oily distillate quickly solidifying (Liebig): 

2CWH404 == 2CO + 2C02 + -t- C^NH + (Liebig). 

Oxamide hermetically sealed in a metal tube and heated in a bath for 
some minutes to 310*^, is partially decomposed into cyanogen, carbonic 
acid and ammonia (Malaguti). The first products are probably cyanogen 
and water: 

= 2C3N + 4HO ; 

but the water acting at 200"^ on another portion of the oxamide forms 
oxalate of ammonia: 

+ 4HO = 2NH3,C4H208; 



264 


ETHYLENE: AMIDOGEN-NUCLEtlS C^Ad^O^. 


and the oxalate of ammonia is resolved at 220^ (p. 122) into carbonic 
oxide and carbonate of ammonia. — Similarly, a mixture of oxamide and 
sand heated in a retort to S00° — SSO"", yields nothing but cyanogen, car- 
bonic oxide, and carbonate of ammonia (Malagiiti). 

2. Oxamide kept in contact for some time with saturated chlorine- 
water, disappears completely, forming hydrochloric acid, oxalic acid, and 
probably also chloride of nitrogen, which then undergoes further decom- 
position, but without formation of sal ammoniac (Malaguti). 

8. Oxamide boiled with a four-fold quantity of nitric acid, of sp. gr. 
1-35, is resolved into a mixture of 1 voL niti'ogen, 1 vol. nitrous oxide, 
and 2 vol. carbonic acid gas (Malaguti): 

+ 2N05 = 2N + 2NO i- 400= + 4110. 

According to Bauhof, nitric acid, even when hot, has no action upon 
oxamide ; according to 0. Henry & Plisson, strong nitric acid forms 
with it ammonia and carbonic acid. — 4. With oil of vitriol, but only 
when heated, oxamide forms carbonic oxide and carbonic acid in equal 
volumes, ammonia remaining behind in combination with the sulphuric 
acid which remains colourless (Dumas, Liebig): 

+ 2H0 = 2C0 + 2C0^ + 2NH3. 

5. All the stronger acids in the dilute state decompose oxamide, yielding 
an ammonia-salt and free oxalic acid (0. Henry & Plisson): 

-f 6H0 + 2S03 = 2(NH-*0,S03) + OT-QS. 

Such is the action exerted by sulphuric, hydrochloric, nitric and tartaric 
acid, as well as by oxalic acid itself, but not by acetic acid, which indeed 
when boiled with oxamide, goes off in vapour, without exerting any 
action (0. Henry k Plisson). 

6. Oxamide is not altered by 14 days contact with cold water, or by 
boiling with water; but when heated with water to 224° under increased 
pressure, it yields a liquid which is acid after evaporation, gives off 
ammonia with hydrated oxide of lead, and yields an abundant precipitate 
with lime-salts (0. Henry k Plisson). — 7. Oxamide heated with aqueous 
alkalis is resolved into oxalate of potash, and ammonia which volatilizes, 
without any trace of alcohol. (Dumas.) This decomposition was previously 
observed by Bauhof, who however thought that alcohol was likewise formed: 

+ 2H0 + 2K0 == 

According to this equation, 100 pts. of oxamide should yield 102*28 pts. 
of oxalic acid (C^H^O®), and 38*63 ammonia; Liebig obtained 102*5 pts. 
and 36 pts. — Aqueous ammonia decomposes oxamide, even at ordinary 
temperatures, gradually dissolving it in the same manner (0. Henry & 
Plisson). Boiling carbonate of potash, according to Bauhof, has no action 
npon oxamide. 

The boiling aqueous solution of oxamide does not precipitate nitrate 
or acetate of lead; but on the addition of a small quantity of ammonia 
and application of beat, it throws down basic oxalate of lead (p. 154); 
the decomposition of oxamide into oxalic acid and ammonia takes place 
much more quickly under these circumstances than under the influence of 
acids or alkalis alone, being assisted probably by the insolubility of the 
lead-salt (Pelouze). 

8, On gently heating oxamide in contact with potassium, cyanide of 
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potassium is formed^ with ylyid deflagration (Lowig, I^ogg. 40, 407). 
Probably thus: 

+ 6K =- 2C2NK + 4E:0 + 4H. 

Combinations, — Oxamide requires 10,000 pts. of cold water to 
dissolye it (0. Henry &• Plisson); in boiling water it dissolyes somewhat 
better, and separates on cooling in indistinct crystalline flakes (Dumas). 
The aqueous solution does not precipitate lime-salts (Dumas). 

IT Oxamide with Mercuric Oxide, — When oxamide is boiled with 
water, and mercuric oxide added by small portions as long as it loses its 
colour, then more oxamide added, till the product becomes perfectly 
white, the compound is obtained in the form of a heavy white powder 
which must be frequently boiled with a large quantity of water to remove 
the excess of oxamide. It is decomposed by hydrochloric acid at a gentle 
heat ^(Dessaignes, Ann. Tharm. 82, 233). 

Dessaignes. 

HgO lOS .... 55-10 54-32 

88 .... 44-90 45*41 


HgO,C^N2Hk)‘i ... 196 ....100*00 99*73 ‘il 

Oxamide does not combine with oxide of lead or oxide of silver 
(Pelouze). 

It does not dissolve perceptibly in alcohol or yinic ether (Bauhof, 
Dumas). 


H Methylozamide. G^Nm^O*=CW(H‘Me’‘)Oi 

WuRTZ. iV". Ann. Chim. Phys. 30, 464. 

Formation and Preparation. 1. Neutral oxalate of methylamine is 
resolved by dry distillation into water and methyloxamide: 

C\C2H«N)20s = CSN^H^O^ + 4HO. 

The transformation is much more complete than that of oxalate of 
ammonia into oxamide, because methyloxamide is much more volatile 
than oxamide. The methyloxamide collects in the neck of the retort in 
the form of long delicate needles interlacing each other in all directions. 
— 2. By the action of a solution of methylamine on oxalic ether, the 
products being alcohol and methyloxamide: 

C4(C4H5)208 + 2Cm^N = 2Cm^O^ + CWHSQ^. 

This is the better mode of preparation. The reaction takes place imme- 
diately, with evolution of heat, the product being a white magma com- 
posed of delicate needles; these dissolve readily in hot water, and as the 
solution cools, the methyloxamide crystallizes in the form of long inter- 
laced needles. It dissolves in alcohol less readily than in water. The 
fixed alkalis decompose it easily, with evolution of ammonia [ methy- 
lamine] and formation of an alkaline oxalate: 

[CWHSO^ + 2HO + 2KO = 

It is carbonized by anhydrous phosphoric acid. 
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8 C. 

Crystallized from alcoTioU 
48 .... 

41-37 ... 

Wurtz, 
41-25 

2 N 

28 .... 

24-13 


8 H 

8 .... 

6-89 ... 

6-99 

4 0 

32 .... 

27-61 



CWH-XC2H3)"0-* .... 116 .... 100-00 


f Etliyloxamide, ci^N®H'=*0*=C^N2(H2Ae2)0^ 

YYurtz. AT. Ann, 0/dm. Fhys, 30, 490. 

Obtained by methods precisely similar to those which yield methyl- 
oxainid .‘3 the reaction of ethylamine on oxalic ether affords the best mode 
of preparation. 

Ethyloxamide is more soluble in alcohol and water than oxamide. 
From the alcoholic solution it crystallizes in beautiful needles. It is 
volatile and condenses on the surface of cold bodies in woolly crystals. 
Potash decomposes it, forming ethylamine and oxalate of potash: 

[C1-N2H^“04 + 2H0 + 2KO = C^K-QS + 2C-^H7N.] 


Anhydrous phosphoric acid carbonizes it. 


12 C 

.. 72 . 

... 50-00 .... 

Wurtz. 
.... 49-83 

2 N 

28 . 

... 19-44 


12 H 

.. 12 . 

... 8-33 .... 

.... 8-55 

4 0 

.. 32 . 

.. 22-23 


C*N=H"-(C-*H»)-Oi ... 

. 144 . 

... 100-00 



Allophanic Acid. c^n:-^h*o®=: c^a d"-o^o^ 

Liebig & Wohler. Ann, Fharm, 59, 291. 

By passing cyanic acid vapour into absolute alcohol, Liebig & Wohler obtained in 
1830, a compound eUier which they regarded as cyanic ether, till in 1847 they dis- 
covered that the substance thus formed is a compound of oxide of ethyl with a peculiar 
acid, allophanlc acid, and should therefore be called allophanic ether; similarly the 
compound described (VII, 377), according to these chemists, as ureocarbonic ether, ought 
really to be regarded as allophanate of methyl [= — This acid has 

already been described in the methylene series as ureo -carbonic acid (VII, 377); but as 
it much more probably belongs to the ethylene-series, and as Liebig & Wohler's more 
detailed memoir is now available, it will be as well to describe the acid again in this 
place. It bears to oxamide the same relation that acetic acid bears to aldehyde. 

We are not acq^uainted with tbe acid itself, but only with some of 
its salts, which are obtained by treating methylic or vinic allopbanate 
with alkalis dissolved in water or alcohol. The empirical formula of 
these salts is C^N^H^MOl If then we suppose that the acid itself 
contains 2 At. amidogen, the salts must be supposed to have one of these 
two atoms replaced by an analogous compound NHM, so that their 
rational formula will be C^(NH®,NHM)0^,OA When heated in tbe state 
of aqueous solution, they are resolved into carbonic acid, a carbonate, 
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and urea; when an attempt is made to separate the allophanio acid from 
them bj means of another acid, the allophanic acid is immediately resolved 
into carbonic acid and urea. (See the Baryta-sait.) 

Allophanate of Potash. — A solution of allophanic ether in alcoholic 
potash quickly deposits this salt in laminee, resembling those of chlorate of 
potash. 

Alloplianate of Soda, — Obtained like the potash-salt, or by triturat- 
ing the baryta-sait, without application of heat, with an equivalent quan- 
tity of aqueous sulphate of soda, and pouring alcohol upon the filtrate, 
which causes the soda-salt to crystallize out in small prisms having an 
alkaline reaction. The aqueous solution of the salt evaporated without, 
heat in vacuo, leaves the salt in the form of a blue-glittering gelatinous 
mass; evaporated between 40° and 50'^, it leaves the salt partly undeconi- 
posed, partly resolved into urea and carbonate of soda. The aqueous 
solution mixed with nitric acid gives off carbonic acid and deposits shining 
scales of nitrate of urea. It does not precipitate chloride of barium, but, 
when heated with it, forms an immediate precipitate of carbonate of 
baryta. 

Allophanate of Bar^yta. — Obtained by dissolving methylic or vinic 
alloplianate in baryta-water, whereby wood-spirit or alcohol is set free. 
The best method is to triturate allophanic ether with crystals of hydrate 
of baryta and baryta-water, without applying heat, till the ether disap- 
pears; filler from the remaining baryta-crystals; and set aside the filtrate 
for some days in a closed vessel: the baryta-salt then separates gradually 
in hard crystalline nodules and crusts. The crystals are then separated 
from the vessel under the liquid : the liquid quickly decanted ; any 
carbonate of baryta that may have been formed, separated by elutriation; 
the crystals washed a few times with a small quantity of cold water; 
and dried on paper at the temperature of the air. — The baryta-salt has 
an alkaline reaction. When heated alone, it does not give off' a trace of 
water, but evolves monocarbonale of ammonia, and leaves monocyanate 
of baryta in a state of transparent fusion: 

Ba0,C^N2H305 = NH3,2C03 + C^NBaO^. 

Its aqueous solution becomes turbid below ICO^, gives off carbonic acid 
with effervescence, deposits all the baryta in the form of carbonate, and 
afterwards contains nothing but urea in solution: 

Ba0,C^K2H305 + HO = BaO,CO- + CO^ + 

This salt, when an acid is poured upon it, is decomposed with brisk 
effervescence, yielding carbonic acid and urea; even carbonic acid pro- 
duces this decomposition, though slowly; neither cyanic acid nor ammonia 
is formed. It appears then that allophanic acid, when set 

free, is immediately resolved into 2CO^ and Even when 

placed in contact with cold aqueous [sesqui f\ carbonate of ammonia, it 
forms urea and carbonate of baryta. The aqueous solution forms at first 
a clear mixture with neutral acetate of lead, but after half an hour, a 
precipitate of carbonate of lead is formed. It does not precipitate a 
neutral solution of nitrate of silver. Dissolves in cold water slowly but 
completely (Liebig & Wohler): 
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CipstaUized. 


Liebig & Wohler. 

BaO . 

76*6 

.... 44-64 

45-31 

4 C 

24-0 

.... 13-98 

13-80 

2 N 

28-0 

.... 16-32 

15-01 

3 H 

3-0 

.... 1-75 

1-89 

5 O 

40-0 

.... 23-31 

23-99 


CWtPBdO'^ 171-6 .... 100-00 100-00 


A lloplianate of L ime, — Prepared like tke baryta-salt. Crystallizable; 
sparingly soluble in water (Liebig & Wohler). 


Alloplianic Ether, 

Liebig & Wohler. Poyy. 20, 395. — Ann, Fharm. 58, 260 & 59, 
291. 

Liebig. Ann, JBhaTm. 21, 195. 

Vinic or Eihylic Allophanate^ Allophanote of Ethyl, ^Ulophansaures Aethyloxyd, 
Allophanvhiester ; formeily Cyanic ether. For the history, vid. Alloplianic acid. 

Formation and Preparation. When cyanic acid vapour evolved by 
heating cyanuric acid, is passed into absolute alcohol, it is rapidly 
absorbed, with an evolution of heat which nearly makes the alcohol boil, 
and a crystalline powder is deposited, which increases in quantity on 
cooling. The remaining liquid is decanted from the powder, which is 
then washed several times with cold alcohol, and dried. The decanted 
liquid smells strongly at first of cyanic acid, and reddens litmus; but it 
loses both these properties after a while, and according to the statement 
in Ann. Phann. 54, 370, leaves urethane when evaporated (Liebig 
Wohler). [The equation appears to be siinply: 

2C2Nil02 + = CSxN^i-FO^ 

according to the radical theory, we might say that the alcohol gives up HO, in order 
to form with 2 At. cyanic acid, the hypothetical anhydrous ailophanic acid, wliich 
then unites with the alcohol minus HO (oxide of ethyl) to form alloplianic ether.] — 
2. Anhydrous ether is saturated with cyanic acid vapour, which it 
absorbs without evolution of heat; and the liquid, which smells strongly 
of cyanic acid, mixed with half its bulk of 95 per cent alcohol; when 
set aside for some days, it deposits ailophanic ether in regular crystals 
on the sides of the vessel (Liebig). — A hot alcoholic solution of urea 
mixed with oil of vitriol, deposits nothing on cooling (Liebig & Wohler). 
— If 3, Dry ammoniacal gas passed into an ethereal solution of bicar- 
bonate of bisiilph ethyl, C®H®S^O^, forms ailophanic ether in small white 
crystals, and an oily sniphnr-compound (Debus, VIIT. 447): 

2C®H^S20* + 2NH3 = C8H8N206 c^H^S + 2S + HS + 2HO. ^ 

Properties. Snow-white, crystalline powder; crystallizes from a hot 
solution in alcohol or etherated alcohol, by slow cooling or spontaneous 
evaporation, in transparent, nacreous scales. When heated in the air, it 
melts to a clear liquid, which solidifies in a crystalline mass on cooling; 
but part of it volatilizes at the same time, in the form of an inodorous 
vapour which condenses in the air to bulky flakes composed of fine 
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needles, wliich fly about like flowers of zinc; a similar woolly vegetation 
likewise forms on the fused mass as it cools. Inodorous and without 
perceptible taste; neutral 


8 C 

48 

.. 36*36 

Liebig & Wohler. 
35*44 

2N 

28 .. 

... 21*21 

20*51 

8 H 

8 , 

.. 6-06 

6*04 

60 

48 

.. 3fi-37 

... . 38*01 



132 . 

... 100*00 

100*00 


Former suppositions respecting the constitution of this ether : Liebig & Wiihler 
{Pngg, 20, 399); Berzelius {A7in. Phai'm. 21, 125); Malaguti {Ami. Chim. Phys. 
63, 198); Gerliardt {Ann. Chba. Phys. 72, 1S4). — [If we assume the existence of 
2 At. amidogen in allophanic acid itself it is impossible to decompose the 

formula of allophanic ether, according to the usual practice of the rafiical theory, into 
Tinic ether and hypothetical anhydrous allophanic acid, inasmuch as this hypothetical 
compound contains only 3H to 2N ; whether this circumstance should be regarded as 
disproving the existence of 2 At. amidogen m the ether, or the above-mentioned separa- 
tion of the formula, is a question which cannot at present be decided ] 

Decompositions. 1. Allopbauic etber lieated in a retort, partly 
sublimes undecomposed at first, but at about 300", boils briskly and 
gives off alcohol together with a small quantity of cyanic ether, which 
afterwards, with the alcohol, reproduces a small quantity of allophanic 
ether, and finally solidifies in the form of pnre cyauuric acid. lUO pts. 
of allophanic ether thus decomposed yield 02*5 pts. of cyauuric acid 
[calculation gives 65*15 pts.]; it must be observed, however, that a 
small quantity of cyanic acid is evolved (Liebig & Wohler): 

3C8N-HS0« = 

2. The vapour given off by heating allophanic ether in the air, may he 
set on fire, and burns with a flame like that of cyanogen gas (Liebig & 
Wohler). — The ether is decomposed by alcoholic potash or baryta-water 
at ordinary temperatures, forming an alkaline allophanate and alcohol; 
when boiled with aqueous potash, it gives off alcohol and forms cyanate 
of potash (Liebig & Wohler). 

Comhinations. Allophanic ether is nearly insoluble in cold Water ^ 
but dissolves with tolerable facility in boiling water; and the solution 
solidifies on cooling, in a mass consisting of silky needles (Liebig & 
Wohler). 

It dissolves in boiling dilute Sulphuric and Nitric Acid, and appa- 
rently without decomposition (Liebig & Wohler). 

It dissolves in aqueous Ammonia, somewhat more readily than in 
water, and crystallizes therefrom, free from ammonia (Liebig). When 
its boiling aqueous solution is mixed with neutral or basic acetate of 
lead, or with ammoniacal nitrate of silver, the ether crystallizes out 
unaltered and free from metal (Liebig), 

It is somewhat soluble in Alcohol, hut dissolves very sparingly in 
Yinic Eik&r, even at a boiling heat (Liebig & Wohler). 
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S. Amidogen-nucleus C'‘AdCP. 

CMoracetamide. C‘NH’'CPO'“= C*AdCP,0^ 

Cloez. Compt, rend, 69 & 373. — J^.J, Pharm. 8, 340. — N. Ann* 
Chin. Phys. Vf, 300. 

Malaguti. Compt, 7 end, 21, 291 & 22, 853. — N. J, Pharm, 8, 232. — 
N. An7i. Ohim. Phys. 16, 13 & 58. 

Cahours. it, Ann. Chim. Phys. 19, 352. 

Discovered by Cloez in 1845. 

Formation. 1. By the action of ammoniacal gas or aqueous ammonia 
on perchlorovinic forraiate (Cloez): 

+ NH^ = C^NHSCFO^ -f 2CC10 + HCL 

2. When terchlo race tic ether is distilled in a current of ammoniacal gas, 
— or, in a fow minutes, when that compound is placed in contact with 
aqueous ammonia (Malaguti): 

+ NH3 = C^NH^CISO^ + 

3. By the action of ^seous or aqueous ammonia on terchloracetic ether 
(Cloez): 

C'^CISQ^ + 4NH3 = 2C-iNH2C1302 + 2NH^C1. 

4. By treating chloraldehyde with ammoniacal gas (Malaguti): 

C^C1^02 + 2NH3 = C^NH^CFO^ + NH^Cl. 

5. By the action of ammoniacal gas on perchlorovinic ether, hichloro- 
carbonic, perchloroxalic or perchlorosuccinic ether, all these compounds 
yielding chloraldehyde when heated (Malaguti). — 6. According to 
Cloez, chloracetaniide is also formed by the action of ammoniacal gas on 
perchloromethylic formiate. 

P7'eparatio7i. The white substance obtained by either of these 
reactions, must be treated with water to free it from the saLammoniac 
with which it is mixed; after which the residual chloracetaniide may be 
dissolved in ether, and crystallized therefrom by spontaneous evapora- 
tion (Cloez, Malaguti). Chloracetaniide is obtained in greatest quantity 
from perchloracetic ether (Malaguti), 

Prope7iiies. Snow-white, nacreous, crystalline lamina), or if obtained 
by slow evaporation of the alcoholic solution, flat rhombic prisms 
(Cloez), Crystallizes from the boiling aqueous solution in rectangular 
tables belonging to the right prismatic system (Malaguti), Melts at 
135°, part of it subliming at tbe same time (Cloez, Malaguti). Boils 
above 230°, and distils without decomposition, leaving only a trace of 
residue (Cloez). Boils at a temperature above 150°; sublimes in shining 
laminm when quickly heated; and begins to decompose even at 150° 
(Malaguti). Has a tolerably pleasant aromatic odour, and a sweet taste 
(Cloez). Permanent in tbe air (Cloez). 
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4 C.... 

Crystallized. 
24-0 

.... 14'80 .. 

Cloez. 

14*5 .. 

Malaguti. 

14*78 ... 

CaLours. 
14-61 

N 

14*0 

.... 8-63 .. 

9*0 . 

8-30 


2 H 

2*0 

.... 1*23 

1*2 . 

1*40 ... 

1*24 

3 Cl 

106 2 

.... 65*48 

66*0 .. 


65*11 

2 0 

16*-0 

.... 9*86 

9*3 . 

10*02 


C^NHSCPO^ 162-2 

.... 100*00 .. 

100*0 .. 

100*00 



Decompositions, 1. Chloracetamifle, after fusion, begins to turn 
brown at 200°, and boils completely between 238° and 240^* The vapour 
passed through a tube beated to dull redness, yields carbonic oxide, 
carbonic acid, clilorine, and volatile chloride of cyanogen, together with a 
small quantity of phosgene, besides sal-ammoniac and charcoal. Tiie 
decomposition takes place in several ways, as shown by the following 
equations: 

C^NH^CIW = 2CO + 2HC1 + C2KCI; 

= Cl + HCl + HO + CO -f C^NCl + C; 

moreover, the HO thus produced may convert a portion of the chloraceta- 
niide into chloroform and carbonate of ammonia. (Malaguti, vid. inf.) — 

2. Chloracetamide sealed up a with a small quantity of water in a glass 
tube, and heated to 100° [it should perhaps be 200'], is resolved into 
chloroform and carbonate of ammonia: 

C^NH-CPO^ + 2HO = C^HCF + + 200^ ; 

The formation of chloroform is by no means preceded by that of chlorace- 
tate of ammonia; for, if the tube be heated to 130°, the chloracetamide is 
found to be still unaltered, whereas chloracetate of ammonia heated with 
water is resolved into chloroform and carbonate of ammonia between 
112° and 115° (Malaguti). 

3, Chlorine gas, when dry, does not act upon chloracetamide, even in 
sunshine; but in presence of water and in sunshine, it forms chloracetamic 
acid C^NHChO^ which, after a few days sublimes in the bottle in long 
needles (Cloez): 

C^NH^CFO- + 2C1 = C-^NHCl^O^ + HCL 

4. When dissolved in dilute nitric acid and evaporated, it leaves nothing 
but terchlorocetate of ammonia: 

C^NH-CFO^ + 2HO = 

5. Similarly, when chloracetamide is dissolved in aqueous ammonia, 
which takes place slowly in the cold, quickly with the aid of heat, it 
takes up 2 At. HO, so that the solution, when evaporated, yields large 
crystals of terchloracetate of ammonia (Malaguti). — 6. Tritiimted in 
the cold with hydrate of potash, it does not evolve ammonia; hut when 
boiled with solution of potash, it gives off all its nitrogen in the form of 
ammonia, and forms terchloracetate of potash, which is resolved by 
farther boiling into chloroform and formiate of potash (Cloez), 

QomMnatiom. Chloracetamide is insoluble in Water (Cloez); very 
sparingly soluble. (Malaguti.) 

It dissolves readily in Alcohol, and very easily in Dther (Cloez* 
Malaguti). 
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Chloracetamic Acid. c*NHCl‘Oi 

Cloez (1845). TV. Ann. CJiim,. Phys. 17, 305; abstr. iV. J. Pharm. 8, 
341; also J. pr. Chem. 37, 313. 

CMoracetamsdure, Chloracetamimaurej Acide chloracttamique, 

Chloracetamide moistened with a small quantity of water, and exposed 
to the sun in a bottle filled with chlorine, soon yields a sublimate of 
chloractamic acid in needles, which may be purified by crystallization 
from ether. 

Long colourless needles, which fuse when heated, and partly sublime 
undecomposed. Nearly inodorous, but has a harsh and very disagreeable 
taste. Permanent in the air. 

Cloez. 


4 C 

.... 24-0 

.... 12*21 ... 

.... 12*1 

N 

... 14-0 

.... 7*12 ... 

.... 7-0 

H 

1*0 

.... 0*51 ... 

.... 0*8 

4 Cl 

... 141*6 

.... 72*02 ... 

.... 71*4 

2 0 

.. 16*0 

.... 8 14 ... 

... 8*7 

C^NHCl^O^ ... 

.. . 196*6 

.... 100-00 ... 

lOO 0 


[If it he allowable to assume the existence of a chlorinated amidogen = NCIH, the 
acid may be regarded as C'^(NC1H)C1^0-; as however it contains only 20, it is not an 
acid properly so called, but an acid aldide.] 

The acid, when boiled with aqueous potash, gives off all its nitrogen 
in the form of ammonia, and leaves nothing but chloride of potassium 
and carbonate of potash : 

Ch\HCb02 + 2HO + 8KO = NH^ + 4KC1 + 4(K0,C02). 

The acid is insoluble in w’ater. 

It dissolves without decomposition in cold aqueous alkalis, forming 
crystallizable salts. 

The ammoniacal solution evaporated in vacuo leaves a white 
amorphous mass, which absorbs moisture from the air, and is thereby 
converted into highly lustrous crystalline laminae. Its aqueous solution 
is neutral, and does not precipitate lead or silver-salts. — The Potash-salt 
is obtained in a similar manner. 

The acid dissolves with tolerable facility in Wood-spirit and Alcohol, 
and very readily in Mtk&r (Cloez). 


€. Amidogen-nucleus, C^AdCPO. 

CMorosliccilaniide. C^NffCPO^ C^NCPH,H0 = C^AdCPO. 

Malaguti (1846). M, Ann. Ghim. Phys. 16, 76. 

A solution of chlorazosuccic acid in aqueous ammonia is evaporated in 
vacuo till it forms a syrup mixed with crystals; this mass is heated to 
100^5 as long as it continues to effervesce; then exhausted with ether, the 
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liquid filtered from sal-ammonia; and tlie filtrate left to evaporate spon- 
taneously; — a syrup is thus obtained wbicdi crystallizes immediately in 
contact with water. The crystals are purified from sal-ammoniac by 
dissolving them three times in boiling water and cooling. 

[Is the syrup which remains after evaporation ot the ether =C‘^NHC1-, and is it 
subsequently converted into chlorosuccilaraide by addition of HO? For the formation 
of this body and of chlorazosuccic acid = C®NH~CFO“, see the latter.] 

Long delicate white silky needles, which fuse to a clear liquid 
between 86^ and 87°, and at a stronger heat, distil over nndecomposed in 
the form of a liquid, which on cooling solidifies in beautiful crystals, 
transparent at first, but afterwards becoming opaque, and assuming 
the appearance of asbestus. The compound after a while acquires a 
sweetish taste. 


4 C 

Crystallized. 

24*0 .... 20*20 ... 

Malaguti. 
..... 20*07 

N 

14*0 .. 

.. 11*79 ... 

ll*7.i 

2H 

2*0 .. 

.. 1*G8 ... 

1*68 

2 CL... 

70*8 .. 

.. 59*59 ... 

59*45 

0 

8*0 .. 

.. 6*74 ... 

7*07 


C^NIF-CFO 118*0 .... 100*00 100*00 

Chlorosuccilamide treated with aqueous fixed alkalis, does not imme- 
diately give off ammonia; but after long boiling with caustic potash, it is 
resolved into ammonia and cblorosuccilate of potash [vid, inf.) — In 
aqueous ammonia it dissolves completely in the course of a few weeks, 
forming sal-ammoniac and a brown liquid. 

It dissolves very sparingly in cold Water^ readily in boiling water, 
and very readily in Alcohol and Ether (Malaguti). 


Appendix, 

ChlorosTiccilic Acid. 

The potash-salt of this acid is formed by boiling chlorosuccilamide 
with caustic potash, as long as ammonia continues to ^ escape. It is 
soluble in water and alcohol. Its solution does not precipitate the salts 
of baryta, lime, magnesia, manganese or zinc. It forms white precipi- 
tates soluble in a large quantity of water, with acetate of lead, sulphate 
of copper and corrosive sublimate; with nitrate of silver it forms a magma 
composed of needle-shaped crystals; likewise soluble in a large quantity 
of water (Malaguti). 

[If we suppose that chlorosuccilamide is decomposed by potash in the manner 
represented by the equation ; 

C^NH^CPO + KO + 2HO = C^CPHKO^ + 

then also chlorosuccilic acid must be supposed to be C^Cl^H-0^, “ BicMoracetic 
acid, and will therefore fiR np the gap between chloracetic and terchloracetic add.] 


VOL. IX. 
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Conjugated Compounds of the Amidogen-nucleL 


Carbamic Ether or Urethane. C«NH^O*=C^AdH^2CO*. 

Dumas. Ann, Chim. JBhys, 54, 233; also Ann, Fharm. 10, 284. 

LiEBia. Ann. Pharm. 10, 288. 

JjiEBia & Wohler. Ann, Pharm, 54, 370; 58, 260. 

WuRTZ. Compt rend,2^, 503; also J, pr, Ohem, 38, 228; further, 
Pharm, 79. 286. 

Cahours. CompL rend, 21, 629; also J, pr. Chem. 36. 141. 

Gerhardt. Ann. Ghim. Phys, 72, 184. — Prids^ Chim, org, 1, 140. — 
N, J. Pharm. 9, 320. 

Urathant Xfr^thane, Kohlenvinamester, — Discovered by Dumas in 1833. 

Formation. 1. By mixing chlorovinic formiate (p. 229) with aqueous 
or alcoholic ammonia (Dumas). For the equation vid. p. 230. — 2. By 
placing carbonic ether in contact with aqueous ammonia (Cahours): 

4- NH3 = C^NH^O^ + 

3. By saturating alcohol or ether with the vapour of cyanic acid, by which 
also allophanic ether is formed and crystallizes out (Liebig & Wohler): 

C2NH03 + = C^NH^OL 

4. Alcohol absorbs gaseous chloride of cyanogen abundantly, and loses 
the odour of that compound slowly when set aside in a closed vessel, 
more quickly in sunshine or when gently heated, sal-ammoniac being 
separated at the same time, and a liquid formed containing hydrochloric 
ether and urethane (Wurtz) : 

C^NCl + 2C4HC03 = + C^H^CI. 

The sal-ammoniac appears to be produced by a secondary action (Wurtz). 
— If 5. By the action of ammonia on vinomethylic carbonate, methylic 
alcohol being formed at the same time (Chancel, VIII, 445) : 

^ = cmwoi + (pmoK IF 

PreparcUion, 1. A mixture of chlorovinic formiate and excess of 
alcoholic ammonia is distilled to dryness in vacuo, and the urethane 
separated from the admixed sal-ammoniac by distillation in the oil- bath; 
it then passes over as a colourless liquid which crystallizes on cooling. 
If a sample of the distillate dissolved in water produces turbidity in a 
solution of nitrate of silver, the distillation must be repeated (Dumas). 
2. Carbonic ether is mixpd with an equal volume of aqueous ammonia, 
and the mixture set aside in a stoppered bottle till the carbonic ether has 
completely disappeared, after which the liquid is evaporated in vacuo till 
the urethane crystallizes (Cahours). — 3. Alcohol or ether is saturated 
with vapour of cyanic acid, evolved by heating cjanurie acid; then left 
to cool, so that the greater part of the allophanic ether may crystallize out; 
and the mother-liquid decapted and evaporated sufficiently to ise the 
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uretliane to crystallize on cooling (Liebig & Wohler). — 4. Alcohol 
saturated with volatile chloride of cyanogen is exposed to the sun for 
two days in a stoppered bottle or enclosed in a strong flask, having 
a long neck which is sealed, and heated in the water-bath for several 
hours, till it loses the pungent odour of chloride of cyanogen; and the 
liquid when cold is decanted from the deposited crystals of sal-ammoniac, 
and distilled at a gradually increasing heat, the receiver being changed 
after a while. The liquid begins to boil at 50'' and yields hydrochloric 
ether; then at 80°, at which point the temperature remains stationary for 
some time, alcohol passes over; and lastly at 100°, urethane, which 
sublimes in laminae in the neck of the retort and in the receiver (Wurtz). 
— IF According to later experiments by Wurtz (Ann. JBhann. 79, 286), 
the liquid obtained as above, likewise contains carbonic ether. On 
distilling it, after separating the sal-ammoniac, hydrochloric ether passes 
over first; then between 90° and 130^, alcohol and carbonic ether; and 
above 130° (after removing a quantity of sal ammoniac which has 
separated during the earlier part ot the distillation), urethane distils over; 
the boiling point then rising rapidly to 1 80°. IF 

Propertifs. Urethane, when cooled after fusion, crystallizes in a 
white, laminar, nacreous mass, resembling spermaceti (Dumas). Sublimes 
in broad colourless laminse (Wurtz). Melts below 100° to a colourless 
liquid, and when perfectly dry, may be distilled without decomposition. 
When its aqueous or alcoholic solution is left to evaporate spontaneously, 
it sublimes in very large transparent laminje. Its boiling point is about 
180° (Wurtz). Vapour-density = 3T4 (Dumas); 3T3 (Wurtz). 



Crystallized. 

Dumas. 

Cahours. 

Wurtz. 

6C 

... 36 .... 40-45 .. 

40-5 ... 

40-37’ 

... 40*03 .... 40-44 

N 

.... 14 .... 15-73 .. 

15-6 ... 

15-96 

.... 15*73 

7 H 

.... 7 .... 7-86 .. 

7-9 ... 

8*08 

... 7*84 .... 7*86 

4 0 

.... 32 .... 35-96 

36-0 ... 

35-59 

.... 35*97 

C'NH'O-* 

.... 89 .... 100-00 ., 

100-0 ... 

100-00 

.... 100*00 



Vol. 

Density. 

C-vapour 

6 .... 

..... 2*4960 

N-gas 

....... 1 .... 

0*9706 

H-gas 

7 ... 

0*4851 

0-gas 

2 ... 

..... 2*2186 

Vapour of Urethane 

2 .... 

6*1703 

1 ... 

3*0851 


May he regarded as carbonate of ethylene and ammonia =NH3,C^H'‘,2C02, or as 
a compound of urea with carbonic ether (Dnmas) : 

2C«NHW = + 2C®H«03. 

or as a compound of carbamide with carbonic ether: CAdO + C®H®0^ (Persoz). — It 
is metameric with sarcosine and lactamide. 

Decomposition. Urethane distilled in the moist state, is partially 
decomposed, with evolution of ammonia. 

Oomhmations, Urethane dissolves very readily in Water, both hot 

% T 2 
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and cold; also in Alcohol botli absolute and liydrated (Dumas). — It also 
dissolves readily in Ether (Liebig & Wobler). 

®[f Mhylur ethane, C^°NH^^O^=C®N(H®Ae)0*, is formed by the action 
of cyanic ether upon alcohol : 

+ C^H5,C2N02 = C^ONH^iO^. 

It may be regarded as ethylocarbamic ether (Wurtz, Compt. rend. S7, 
180; Ghem. Soc. Qic. J, VII, 92), 


f Xanthamide. = C^AdH’j = Xd. 

Debus. Ann. Pharm. 72, 1; abstr. Pharm. Ce7itr. 1850, 117, 135; 

Laur. dh Qerh. Q. R. 1850, 50; Jahresher. 1849, 419. — Further: 

Ann. Pharm. 82, 261; abstr. Pharm. Gentr. 1853, 81; JY. A^in. Ghim. 

Phys. 36, 237; N. J. Pharm. 22, 311; Jahreshe7\ 1852, 565. 

Chancel. Gompt. rend. 32, 587; Instit. 1851, 130; J. pr. Ghem. 53, 

111; Jahresher. 1851, 512. 

Xanihoyenamid, Urethane sulfurL — Discovered by Debus in 1849. 

Eoi^mation. 1. By the action of ammonia on bioxysulphocarbonate 
of ethyl, xanthate of ammonia being also formed, and sulphur precipi- 
tated (Debus, VIII, 443): 

2C6H5S‘^02 + 2NH3 = C^NH'S^O^ + C^H5(NH4)02,2CS2 + 2S. 

2. By the action of ammonia on vinomethylic oxysulphocarbonate 
(Chancel, VIII, 445): 

CSH8S-0^ 4- KtP C6NH7S-02 + 

This action is analogous to the decomposition of vinomethylic carbonate 
by ammonia. 

Preparation. Dry ammoniacal gas is passed into an alcobolic solu- 
tion of bioxysulphocarbonate of etbyl, whereupon the liquid becomes 
hot, and yields a precipitate of sulphur. As soon as this precipitation is 
at an end, the passage of the gas is interrupted, the liquid filtered, and 
the filtrate evaporated to dryness in vacuo. The residue effloresces 
almost completely, forming small aggregated needles of xanthate of 
ammonia, saturated with an oily liquid which is xanthamide. The latter 
may be dissolved out by ether, and remains, after evaporation of the 
ether, in the foma of an oil having an alliaceous odour and gradually 
solidifying below 28®. If this solid residue be dissolved in a small 
quantity of alcohol, and the alcohol evaporated, the compound is obtained 
quite pure and in large crystals. Or, the solution of bioxysulphocarbonate 
of ethyl, after being treated with ammonia, may be simply evaporated 
over tbe water-batb, and the residue freed from xanthate of ammonia by 
treating it with a small quantity of water. The remaining xanthamide 
may then be crystallized from alcohol as above. 

The bioxysulphocarbonate of ethyl required for the preparation may 
be obtained by either of tbe processes given in Vol. VIII, p. 442, or 
better, by treating an alcoholic solution of potash with bisulphide of 
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carbon till it is nearly neutral; diluting tbe liquid with twice its bulk of 
water, and then passing chlorine through it, whereby chloride of potas- 
sium and bioxysulphocarbonate of ethyl are produced, the former 
remaining in solution, the latter separating in the form of a yellow oil: 

C^HSKO^ + Cl == KCl + C^H^S^OS. 

To prevent the decomposition of the latter compound by excess of chlo- 
rine, a small quantity of iodide of potassium may be added to the liquid, 
and the passage of the chlorine discontinued as soon as the liquid becomes 
brown from separation of iodine. Tbe bioxysulphocarbonate of etbyl is 
then washed with water, dissolved in a mixture of 1 pt. ether and 2 pts. 
alcohol, and treated with ammonia as above (Debus). 

Properties. Crystallizes in truncated rhombic pyramids belonging to 
the oblique prismatic system, and sometimes approximating to the 
cubical form. Plane angle of face nearly = 90"^; P : 7^=118''; p : 

105^ hence, and also by direct measurement, : P=:137^ The edge 
between P and p is sometimes slightly truncated. Cleavage very perfect 
parallel to h. The face h is often so greatly extended that the crystals 
appear to be reduced to tables. By slow evaporation very large crystals 
may he obtained (Debus). Colourless prisms (Chancel). Melts at 36'^ 
(Debus, Chancel). Sparingly soluble in water, but dissolves in all pro- 
portions in alcohol and ether; the solutions are neutral (Debus). 

Crystals dried in vac. over sidphuric acid. Debus {mean). 


6 C 

36 ... 

34-28 .... 

.... 34-36 

N 

14 ... 

13-36 .... 

.... 12-90 

7 H 

7 ... 

6-66 .... 

.... 7-70 

2 S 

32 ... 

30*47 .... 

.... 32*14 

2 0 

16 ... 

15-23 


C^NH^S^O^ 

105 .... 

100*00 



Xantliainide may be regarded as urethane in which half the oxygen is replaced by 
sulphur (Chancel). According to the products obtained by its dry distillation, {vid. ii^.) 
it may also be regarded as a compound of cyanuric acid and mercaptan — 

[or i-ather: (Debus). — Debus also proposes for it the formulae 

C^H^0,C2NH20,CS2, and C-*H50,C-NH20,C02+ C^H5S,C2NH2S,CS2. 

Decompositions. 1. Xanthamide exposed in a distillatory apparatus 
to a gradually increasing temperature is resolved into mercaptan and 
cjranuric acid: 

3CSNH7S202 = 

It began to give off gas at 110% and boiled at 175°, giving off a colourless liquid which 
had a slight alkaline ruction, smelt of mercaptan and cyanic acid, became coloured by 
exposure to light, was insoluble in water, but mixed in all pioportions with alcohol and 
ether. Its alcoholic solution gave with corrosive sublimate a copious white precipitate 
which became crystalline after a while, and was found to be a compound of mercaptide 
of mercury with chloride of mercury =C*H®HgS% HgCL The residue in the retort was 
a solid greyish white mass, which, when dissolved in a small quantity of alcohol, yielded 
crystals of cyanuric acid (Debus). — 2. Xanthamide dissolves in strong Sul- 
phuric acid, and is reprecipitated from the solution by water. The 
solution when heated or left to stand for some time, gives off, without 
blackening, a large quantity of sulphurous acid, and afterwards contains, 

^ hj the truncation -face of the pyramid : P, p, faces of the pyramid. 
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besides sulphuric acid, an acid, which forms a soluble salt with baryta 
(Debus). — 3. Xantharaide boiled for some time with Eydrochloric acid, 
in an apparatus so arranged that the volatile products condensable at 
about 10“ were compelled to run back again, yielded sahammoiiiac, and 
a yellow, volatile oil, not yet further examined (Debus). — 4. Nitric 
acid acts violently on xanthamide, with evolution of nitric oxide, form- 
ing sulphuric acid and another acid not yet investigated. — 5. Nitrous 
acid vapour passed into water in which xanthamide is suspended, forms 
oxysulphocyanate of ethyl, C^H®0,C^NS0 (VIII, 490,) which partly 
crystallizes out and partly remains in solution, nitrous oxide being like- 
wise evolved and sulphur precipitated (Debus). 

+ N03 = Cni50,C2NSO + NO + 2HO + S. 

6. Xanthamide is decomposed by Ammonia at 150°, yielding carbonic 
acid, hydrosulphocyanic acid, and stinking compounds resembling mer- 
captan. — 7. Potash ‘ley and Baryta-water boiled for several hours with 
xanthamide, decompose it into alcohol and hydrosulphocyanic acid : 

CNSH7S202 == C^H602 + C2NHS2. 

The experiment does not succeed very well with potash, because the excess of that 
alkali is difficult to separate from the products of the decomposition; but with baryta- 
water, in a distillatory apparatus so arranged that the volatile products may run back 
again for some hours, a distillate of alcohol is obtained, and the liquid in the retort, 
when freed from excess of baryta by a stream of carbonic acid, yields crystalline sulpho- 
cyanide of barium. Ammonia is also evolved during the distillation, especially at the 
beginning (Debus). — 8. Xanthamide in solution is decomposed by the 
oxides of lead, mercury, and silver, a metallic sulphide being formed 
and a vapour given off which strongly affects the eyes; the filtered liquid 
yields by distillation a small quantity of an inseparable neutral body, 
and a residue containing a small quantity of an ammoniacal salt, whose 
acid, when separated by sulphuric acid, gives out the odour of cyanic acid. 

— 9. When a neutral solution of Cuy^ric chloride is added to an alcoholic 
solution of xanthamide, the liquid first assumes a blood-red colour, then 
becomes colourless, and yields a precipitate of amorphous sulphur; the 
liquid filtered from this precipitate when the action is ended, yields 
crystals, first of a compound of xanthamide and cuprous chloride, and 
then of oxysulphocyanate of ethyl (Debus, VIII, 491): 

+ 4CuCl = 2(C«NH7S202,Cu2a) + C4H50,C2NS0 + 2HC1 + S. 

A similar reaction takes place when an aqueous solution of xanthamide is 
mixed with excess of cupric sulphate and hydrochloric acid, a white 
crystalline precipitate of the copper-compound being immediately pro- 
duced. — 10. An alcoholic solution of xanthamide gives a white precipi- 
tate wiGi corrosive sublimate, and a yellow crystalline precipitate with 
^ bichloride of platinum. With the greater number of metallic salts, how- 
ever, solutions of xanthamide form no precipitates (Debus^ , 

Combinations. Xanthamide unites with metallic iodides and chlorides^ 
forming definite crystalline compounds. 

Xanthamide with Cuprous Iodide. — a. 2C^NH’^S^O^ Cu^I = Xd^Cu^I, 

— Obtained by mixing a solution of 3Xd, Cu^Cl in hot alcohol, with a 
wa>nE solution of iodide of potassium; a small precipitate is then formed. 
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and the liquid filtered therefrom, and left to stand for a few” hours, 
deposits the compound a in concentrically grouped needles. The mother- 
liquor, when further evaporated, yields large laminar crystals of the com- 
pound h i^id, inf.), and lastly, xanthamide and chloride of potassium: 


and 


Xd^Cu-Cl + KI = Xd^Cu^I + KCl; 


Xd^CuSI = Xd^Cu^I + Xd. 


The compound a crystallizes in broad, white needles, which are 
insoluble in water, but dissolve in considerable quantity in cold alcohol. 
The clear alcoholic solution becomes turbid when heated to the boiling 
point, and deposits a considerable quantity of cuprous iodide, whilst 
xanthamide remains in the liquid, and may be obtained in crystals from 
the filtrate by evaporation; but if the solution containing the xanthamide 
he allowed to cool in contact with the cuprous iodide, and left for some 
time afterwards in contact with it, recombination takes place, and the 
original compound Xd-Cu^I is reproduced. In boiling water the com- 
pound neither melts nor dissolves, but suffers partial decomposition. 
Heated on platinum foil it becomes liquid, and solidifies in a crystalline 
mass on cooling; at a bigber temperature, it blackens and gives off 
mercaptan. When kept in closed vessels, it turns green and gives off 
mercaptan. Nitric acid decomposes it with violence, setting the iodine 
free. Hydrochloric acid also decomposes it, forming Xd^Cu-Cl and 
hydriodie acid. Potash, ammonia, and sulphocyanide of potassium act 
upon it in the same manner as on the corresponding chlorine-compound 
(inf) (Debus). 


2 Xd 


. 210 

.... 52^5 

Debus. 

2 Cu 


. 64 

.... 16*0 


I 


, 126 

.... 31*5 ... 

32-11 

Xd2,CuH 


400 

100*0 



h. Xd^CuH. — Crystallizes from the mother-liquor, from which a 
has been deposited (sup.). Large laminated crystals (Debus). 

The compounds XdCuH and Xd^CuH appear likewise to exist 
(Debus). 


Xanthamide with Cuprom Chloride. — a. XdCu^Cl. — Formation and 
Preparation (p. 278). — Crystallizes in small, white, shining rbombobedral 
<a*ystals, approximating to the cubical form. Heated on platinum foil, it 
melts to a yellow liquid, and at a higher temperature is decomposed, 
yielding mercaptan, CuS, Slq. 

Nearly insoluble in cold water and alcohol, hut dissolves with 
tolerable facility in warm alcohol, to which it imparts a brown colour. 
On boiling the solution, part of the salt is deposited, with separation of 
sulphide of copper; the hot saturated solution deposits the greater part 
of the salt, on cooling, in crystals of the above-mentioned form. — Water 
and other liquids acidulated with hydrochloric acid dissolve a consider- 
able quantity of this compound, which is then almost wholly precipitated 
on the addition of more water, or when the acid is neutralized by a base. 
Hydrochloric acid appears also to give stability to the compound ; for 
when dissolved in hydrochloric acid, it does not decompose so r^dily 
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wlien Leated as in a liquid not containing that acid. Nitric acid dis- 
solv^es it, with separation of sulphur and nitrous acid. — With strong 
sulphuric acid it gives off a gas, and yields a blue pulverulent precipitate 
soluble in water. — Ammonia colours it blue, and dissolves a small 
quantity of it, forming a solution which turns black when heated. — 
Potash-ley colours it reddish-brown at first, but the colour changes to 
black in a few hours, with slight evolution of ammonia. — With iodide of 
potassium the compound a gives a white precipitate; and with sulpho- 
cyanide of potassium, a white precipitate consisting of cuprous sulpho- 
cyanide, Cu^, CyS^. — With sulphuretted hydrogen it yields sulphide of 
copper, hydrochloric acid and xanthamide (Debus). 


Debus. 


6 C 

.... 36*0 

.... 17-61 .... 

.... 18*48 .. 

.. 18*03 

7H 

.... 7-0 

.... 3*42 .... 

.... 3*6*8 .. 

.. 3*46 

20 

.... 16-0 

.... 7-83 



2 S 

.... 32-0 

.... 15-66 .... 

.... •. 

.. 16*16 

N 

.... 14*0 

.... 6-85 



2 Cu 

.... 64*0 

.... 3i-:n .... 

.... .30-73 


Cl 

.... 35*4 

.... 17*32 .. . 

.... 

.. 17*68 

XdCu^Cl .... 

.... 204-4 

.... 100-00 




Xd^Cii^Cl. — 1. Obtained by adding rather more than 1 At. 
xanthamide to 1 At. of the compound a dissolved in alcohol, and leaving 
the liquor to evaporate. — 2. By gradually adding an alcoholic solution of 
cupric chloride to an alcoholic solution of xanthamide, till a drop of the 
former produces a faint reddish tint which soon disappears, a precipitate 
of sulphur is formed; the filtrate yields by slow evaporation crystals of 
the compound h; and oxysulphocyanate of ethyl remains in solution; 

5C5NH7S202 + 4CuCl - 2(2C6NH‘S202,Cu2Cl) + -2HC1 + S + C4H50,C2NSO. 

3. By dissolving 4 At. cupric sulphate and 5 At. xanthamide in water, 
and adding an excess of hydrochloric acid, a crystalline precipitate is 
produced, consisting chiefly of Xd'Cu^Cl, but containing also small 
quantities of Xd^Cu^Cl, and sometimes also of Xd^Cu^Cl. Its alcobolic 
solution abandoned to spontaneous evaporation, yields these three com- 
pounds in the order just mentioned. 

The compound h crystallizes from dilute alcoholic solutions in white, 
shining, oblique rhombic tables, but from strong solutions in large six- 
sided tables. The crystals become dull and like enamel by keeping, and 
when heated, fuse to a yellow liquid, which solidifies on cooling to a 
crystalline mass like melted nitre; at a stronger heat, complete decompo- 
sition takes place and mercaptan is evolved. — The compound is insoluble 
in water, but dissolves readily in alcohol, forming a solution which 
blackens by boiling, and deposits sulphide of copper. Potash added to 
the solution, throws down a white precipitate which dissolves in a slight 
excess of the reagent, forming a solution which deposits sulphide of 
copper after a few hours, and leaves a yellow oil when evaporated. 
Ammonia and carbonate of ammonia behave in a similar manner, but the 
precipitates are less soluble in excess of the reagents. Nitrate of silver 
forms a white precipitate which soon turns black. Iodide and sulpho- 
cyanide of potassium form white, crystalline precipitates. — Sulphate of 
soda produces no change in solutions of this compound. Hydrochloric 
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acid, nitric acid and sulpliuretted hydrogen act upon it as on tEfe preced-, 
ing compound (Debus), 


12 C 

72-0 

.. 23*27 .... 

Debus. 
.... 23*31 

14 H 

14*0 

.. 4*52 ... 

.... 4*53 

4 0 

32-0 

.. 10*34 


2 N 

28*0 

.. 9*05 


4 S 

64-0 

.. 20*69 


2 Cu 

64*0 

.. 20*69 


Cl 

. . .. 35*4 

.. 11*44 


Xd2Cu2Cl 

309-4 

... 100*00 



c. Xd^Cn^Cl. — 1, Obtained by dissolving 3 At. XdCu^Cl and 
2 At. Xd, or 1 At. Xd^Cii^Cl and 1 At. Xd in alcohol, and leaving the 
solution to evaporate. The best mode of proceeding is to divide a solution 
of xanthamide into three parts; conveit two parts into the compound h by 
the method above described; then add the last portion of the xanthamide 
and filter: the compound c crystallizes from the filtrate by spontaneous 
evaporation. — 2. An aqueous solution of xanthamide is strongly acidu- 
lated with hydrochloric acid, and cupric sulphate added in small portions 
as long as any precipitate is formed; this precipitate is then dissolved in 
alcohol, the solution filtered, and the filtrate left to evaporate; the 
crystals which first separate consist of the compound c, — Crystallizes 
in large aggregated crystals, derived from an oblique rhombic pyramid; 
they are transparent and lustrous at first, but after a while become dull 
and like porcelain. This compound melts when heated, and at a higher 
temperature is resolved into mercaptan, sulphide of copper, and other 
products not yet examined. It is nearly insoluble in cold water, but is 
readily dissolved by alcohol either cold or warm. The alcohol may be 
heated to the boiling point without decomposition. Potash and ammonia 
added to the solution exhibit the same reactions as with h. Carbonate 
of ammonia produces a white precipitate insoluble in excess. Sulphuric, 
hydrochloric, and nitric acid, sulphate of soda, and nitrate of silver, 
behave with c in the same manner as with h. Iodide and sulphocjanide 
of potassium produce no alteration in cold dilute solutions of c; but in 
strong and boiling solutions they form white, crystalline precipitates. 
Zinc produces no precipitate in the cold, but at a boiling heat it throws 
down copper, and liberates xanthamide (Debus). 


18 C 

108*0 . 

.. 26*0? .... 

Debus. 
.... 26*49 

21 H 

21*0 . 

.. 5’07 .... 

.... 4*92 

6 0 ... 

48*0 . 

.. 11*58 


6 S 

96*0 . 

.. 23*16 


3 N 

42-0 . 

. 10*13 


2 Cu 

64*0 . 

.. 15*45 


Cl 

35*4 . 

.. 8*54 


Xd^Cu^Cl 

, 414-4 . 

... 100-00 



d. Xd^Cu^Cl. — Obtained by dissolving 1 At. XdCu®Cl, and from 
3 to 4 At. Xd, in alcohol, and leaving the solution to evaporate. Large, 
transparent, colourless, rhombic crystals, of very complex form. Some- 
what soluble in water; dissolves in alcohol much more readily than the 
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preceding compounds; in its behaviour with reagents, it agrees exactly 
with the compound c, (Debus). 

Debus. 


24 C 

144-0 .. 

... 27*73 .... 

.... 27-74 .... 

27-47 

28 H 

. 28*0 

... 5*39 .... 

.... 5*44 .... 

5*30 

8 0 

G4’0 

12*32 



8 S 

. 128*0 

24-64 



4N 

. 56*0 

10*78 



2 Cu 

. 64*0 

12*32 .... 

.... 13*62 


Cl 

. 35*4 

6*82 



Xd-^Cu^Cl 

.. 519*4 . 

... 100*00 


- 


These several compounds of xanthamide with cuprous chloride are 
more fusible and more readily soluble in alcohol in proportion as they 
contain more xanthamide; when dissolved in very large quantities of 
alcohol, they undergo partial decomposition, being resolved into two other 
compounds, one containing more and the other less xanthamide. When 
kept for some time, even if protected from air and light, they become 
dull on the surface, and finally black, from separation of sulphide of 
copper (Debus). 


Xanthamide with Cuprous Sulphocyanide. — a, XdjlOCu^CyS^ — 
Sulphocyanide of potassium, added to an alcoholic solution of the com- 
pound Xd^Cu^Ol, throws down this compound in the form of a crystalline 
precipitate, which must be washed, first with alcohol, then with water, 
and dried. — Heated to 200° in a glass tube, it does not fuse or undergo 
any alteration of appearance, but gives ofiP a small quantity of mercap- 
tan. At a red heat, it turns black. Sulphuretted hydrogen decomposes 
it, yielding sulphide of copper, hydrosulphocyanid acid and xanthamide 
(Debus), 


26 C.... 

Dried over oil of vitriol, 
156 .... 

11*77 .... 

Debus. 
.... 11*63 

7 H 

7 

0*53 .... 

.... 0*76 

2 O 

16 

1*20 


22 S .... 

352 

26*56 


11 N.... 

154 

11*65 


20 Cu 

640 

48*29 .... 

48*26 


C8NH7S2O3,10Cu2C2NS2 1325 .... 100*00 


The mother-liquor obtained in the preparation of this compound con- 
tains cuprous sulphocyanide and the greater part of the xanthamide. If 
the precipitate a, instead of being immediately separated by filtration, 
be left for several days in contact with the mother-liquor, it absorbs more 
xanthamide, and forms compounds, varying in constitution according to 
the time of contact aud the dilution of the liquid (Debus) 

6. Xd^jSCu^CyS®. — Sulphocyanide of potassium produces no preci- 
pitate in a cold dilute alcoholic solution of Xd®,Cu’^Cl. But if the solu- 
tions be warm and concentrated, the compound h is instantly precipitated 
in small white tables, while the greater part of the xanthamide, together 
with a small quantity of cuprous sulphocyanide, remains in the mother- 
liquor. — The compound h, when gently heated on platinum foil, fuses 
and gives off mercaptan. It is insoluble in water and in alcohol 
(Debus). 
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18 C..... 

108 

.... 18-75 ... 

Debus. 
18-91 

14 H 

. 14 

.... 2-43 ... 

2-41 

4 0 

.32 

.... 5 56 


10 S 

. 160 

.... 27-78 


5 N 

. 70 

.... 12-15 


6Cu 

. 192 

.... 33-33 ... 

34-24 

2C«NH“S202,3Cu2C3NS2 

.. 576 

.... 100-00 



c, XdCu^CyS®. — When the crystals of h are left in their mother- 
liquor for a few days, they increase in size, become yellowish, take up 
an additional quantity of xanthamide, and are converted into the com- 
pound c. 


8 C 

48 

.... 21-15 .... 

Debus. 

.... 22-22 

7 H 


.... 3-08 .... 

.... 3-45 

2 0 

16 

.... 7-05 


4 S 

64. 

.... 28-19 


2 N 

28 

.... 12*34 


2 Cu 

6*4 

.... 28-19 .... 

27*02 


C6NH7S202,Cu2C2NS2 .... 227 


100-00 


The amount of copper found by analysis is too small, the amounts of carbon and 
hydrogen too great, because the compound analysed was contaminated with a snudl 
quantity of another compound containing more than 1 At. Xd to 1 At. Cu^CyS^. 

The compound c fuses readily when heated in a glass tube. It does 
not dissolve or melt when immersed in hot water or alcohol. An alco- 
holic solution of xanthamide dissolves it readily, and yields by evapora- 
tion crystals of the above-mentioned compound richer in xanthamide. — 
Strong nitric acid acts upon it in the same manner as on other compounds 
of sulphocyauogen. — Hydrochloric acid eliminates hydros ulphocyanic 
acid, and produces the compound XdCu^Cl : 

Xd,Cu2CyS2 + HCl - HCyS^ + XdCu^CL 

An alcoholic solution of potash dissolves it, forming a red solution; the 
liquid on exposure to the air gradually loses its colour, and deposits a 
brown precipitate containing copper, leaving in solution sulphocyanide 
of potassium, together with other products of decomposition. Sulphu- 
retted hydrogen decomposes it, yielding xanthamide, hydrosulphocyauic 
acid, and sulphide of copper (Debus). 

All the compounds of xanthamide with cuprous sulphocyanide turn 
green by keeping, and are resolved into other products not yet examined 
(Debus). 

An alcobolic solution of xanthamide forms with Mercuric cMoride a copious white 
precipitate, partially soluble in water and alcohol. When examined by the microscope, 
it is found to consist of crystals and amorphous matter. It contains 12 At. mercury to 
1 At. carbon (Debus). 


Fkdmum-mmpotcnd. — XdPtCl-i-XdPtCP. — An alcobolic solution 
of xanthamide mixed with bichloride of platinum deposits after a few 
minutes a yellow crystalline precipitate, and the liquid filtered therefrom 
continues for several days to deposit the same compound in crystaUine 
laminae. The last portions, however, which crystallize out are not pure, hut are, 
contaminated with a dark brown substance, probably sulphide of platinum. The dark- 
coloured mother-liquor which remains after the separation of these deposits, gives off 
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hydrocliloric acid when evaporated ; yields a brown oil, which gradually volatilizes, 
together with the aqueous and alcoholic vapours ; and leaves a dark-coloured substance, 
which appears to be sulphide of platinum, together with sal-ammoniac. 


Dried in vac. over oil of vitriol. 


Debus. 


o 

14 H 

V/ 

14*0 

.... IH uw .... 

.... 2*72 .... 

.... IQ Vi 

.... 2*69 

.. lO 

.. 2*72 


4 0 

32-0 

.... 6*22 




4 S 

64-0 

.... 12*44 .... 


.. 13*35 


2 N 

....... 28-0 

.... 5*45 




2 Pt 

198’0 

.... 38*51 .... 

.... 38*04 .. 

.. 38*26 . 

.. 37*85 

3 Cl 

106-2 

. . 20*66 .... 

.... 19*08 .. 

.. 23*30 .. 


Xd^PtsCU 

514-2 

.... 100*00 





This compound begins to decompose at 120% giving off a stinking oil. 
It is insoluble in water, alcohol, and ether. Oil of vitriol does not act 
upon it at ordinary temperatures, and very little even when heated. 
Neither is it acted upon by hydrochloric or nitric acid, but aqua-regia 
dissolves it readily. Potash has no action upon it (Debus). IF 


Taurin. C"AdH«,2SO^ 

L. Gmelin. Tiedemann <& Gmelin. Die Verdauung, 1, 43 and 690. 
Demaroay. Ann. Fharm. 27, 286. 

Pelouze & Pumas. Ann. Fharm. 27, 292. 

Redtenbacher. Ann. Dharrn. 57, 170; 65, 37. 

Gouup-Besanez. Ann. Fharm. 59, 130. 

Sources. In the bile of oxen and other animals, where, according to 
Strecker, it exists as the copula in gallic or choleic acid. 

IT Formation. By the action of heat on isethionate of ammonia, 
this salt when heated to 230% giving off 2 At. water, and being converted 
into taurin (Strecker, Compt. rend. 38, 637): 

CW(NH^)0-, 2S03 = C^NH7S206 + 2HO. % 

Freparation. 1. Ox-bile is mixed with a large quantity of hydro- 
chloric acid; the mixture filtered from the gummy precipitate, and evapo- 
rated till it is resolved into a tough resinous mass and an acid watery 
liquid. The acid liquid, when decanted and further evaporated — during 
which process it repeatedly deposits resinous masses, from which it must 
he each time decanted — yields on cooling, a quantity of taurin-crystals 
mixed with common salt, from w^hich the taurin must be mechanically 
separated and purified by crystallization. All the resinous masses sepa- 
rated in tbe process, when dissolved in a small quantity of absolute 
alcohol, and filtered after cooling, leave upon the filter an additional 
quantity of taurin in small crystals, which may he purified by washing 
with absolute alcohol, and crystallized from a hot aqueous solution (Grn ). 
Pemarqay proceeds in a similar manner, excepting that he evaporates 
the acid liquid decanted from the resinous mass, till the greater part of 
the chloride of sodium has crystallized out of it; mixes the mother- 
liquor with six times its hulk of alcohol; sets it aside; washes the crys- 
tallized taurin with alcohol ; and recrystallizes it from boiling water. 

2. Ox-bile in the crude state, or freed from the greater part of the 
colouring matter by animal charcoal, but mixed with a small quantity of 
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intestinal mucus, is exposed to the air for three weeks at a temperature 
of 31^ to 37^ till it distinctly I'eddens litmus; it is then precipitated by 
acetic acid; the filtrate, together with the wash-water, evaporated to 
dryness; the residue exhausted with 90 per cent alcohol; the insoluble 
portion dissolved in hot water; and the filtrate left to crystallize (Gorup- 
Besanez). The preparation of taurin by the putrefaction of ox-bile is 
likewise recommended by Buchner {J, pr. Chem. 46, 147; Chem, Gaz, 
1849, 189). — 

^ 3. By heating isethionate of ammonia. This salt begins to lose 
weight at 200^, and at 230® gives off water amounting to 11 p.c. of its 
weight. The fused mass is then dissolved in water, and the solution 
precipitated by alcohol. This precipitate when redissolved in water, 
yields by spontaneous evaporation, large crystals of taurin exactly 
resembling in appearance and properties those prepared from bile 
(Strecker). ^ 

Properties. Large, transparent, colourless prisms belonging to the 
right prismatic system. Fig. 66, often with p-faces, but without the 
faces between a and u u ^ 68° 16'. Heavier than water, lighter 
than oil of vitriol. Grates between the teeth. Inodorous; has a fresh 
but otherwise not decided taste; no action on vegetable colours. Perma- 
nent in the air, and unalterable at 100° (Gm.). Neither melts nor 
decomposes at 240° (Strecker). 

PeloTize 

Redtenbacher. Besanez. Demar^ay. & Dumas. 


4C 24 ... 19-2 ... 19*28 .... 18*92 .... 19*57 .... 19*18 

N 14 .... 11*2 .... 11*25 .... 11 32 .... 11*20 .... 1M9 

7 H 7 .... 5*6 .... 5*73 .... 5*77 .... 5*G8 .... 5*63 

2 S 32 .... 25*6 .... 25*70 .... 26*48 

6 0 48 .... 38*4 . .. 38 04 .... 37*51 .... 63*55 .... 64*00 


C^NH^SW . .. 125 .... 100*0 .... 100*00 .... 100*00 .... 100*00 .... 100*00 

Demar^ay and Pelouze & Dumas overlooked the sulphur, which Redtenbacher 
discovered. Heintz {Pogq. 71, 150) found 25*55 p. c. S; Vairentrapp & Will {Ann. 
Pharm. 39, 279) found 11*00 p.c. N. — Redtenbacher assigns to taurin the rational 
formula: NH®, + 2SO-, according to which it should be a bisulphite of 
aldehyde-ammonia. This view of its constitution is supported by the formation of 
sulphite of potash ou heating taurin with potash ; but the behaviour of taurin with 
heated oil of vitriol, nitric acid, and aqua regia leads to a different conclusion {vid. inf.), 
Redtenbacher likewise succeeded in preparing artificial! v a bisulphite of aldehyde- 
ammonia (p. 287.) which however exhibited totally different properties. — Taurin 
should perhaps rather be regarded as sulphate of ethylamine C^H®Ad,2SO®, corresponding 
exactly to sulphate of methylamine or sulphomethylane, C-H3Ad,2SO*. 

Decompositiofis. 1. Taurin subjected to dry distillation, melts, turns 
brown, swells up strongly, and yields a brown tbick empyreumatic oil, 
together with a small quantity of colourless, watery liquid, having a 
sweetish, empyreumatic odour, and containing ammonia, together with a 
large excess of acetic acid (Gm.). — 2. In the open fire it melts and 
forms a thickish liquid ; swells up, and emits a sweetish empyreumatic 
odour like that of heated indigo, but pungent at the same time; and 
leaves a tumefied charcoal which burns easily and without residue (Gm.). 

3. Dry chlorine gas does not act upon taurin in the cold ; but when 
the taurin is heated in a stream of the gas till decomposition takes place, 
a small quantity of liquid passes over containing sulphuric acid (Eedten- 
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baolier), — 4. Its solution in oil of vitriol, heated to the boiling point, 
assumes a dark colour, but without giving off sulphurous acid gas, and 
does not become turbid on the addition of water (Gm.). — A mixture of 
taurin with solution of sugar and oil of vitriol, assumes when heated, 
first a yellow, and then a brown-red colour (Besariez). — It is not decom- 
posed by boiling and evaporation with strong nitric acid (Gm.). Neither 
is it decomposed, by boiling with aqua-regia, not even on the addition of 
chlorate of potash, the liquid not giving a precipitate with baryta even 
after long boiling. But taurin burned with nitre in a red-hot crucible, 
yields sulphate of potash (Redtenbacher). 

5. When taurin is slowly evaporated to dryness with caustic potash, 
all the ammonia goes off at a certain stage of the process, in the form of 
nitrogen, without blackening; and the residue, if cooled immediately 
after the evolution of ammonia has ceased, and then mixed with dilute 
sulphuric acid, gives off sulphurous acid gas free from sulphuretted 
hydrogen, and without precipitation of sulphur; this residue also, when 
distilled, yields sulphurous and acetic acid, with a residue of pure sulphate 
of potash (Redtenbacher). [The evolution of ammonia takes place 
with strong intumescence, and is attended with evolution of hydrogen. 
Hence the equation is: 

C4NH7SW + 3KO + HO = + 2H + + 2(K0,S02).] 

On the other hand, when taurin is thrown into melted potash, the mass 
treated, after cooling, with dilute sulphuric acid, yields sulphurous and 
sulphuretted hydrogen gases, together with a precipitate of sulphur 
(Redtenbacher). At a higher temperature, the acetate of potash seems 
to exert a reducing action on the sulphite. — Taurin is not altered by 
boiling with baryta-water (Redtenbacher). 

T[ 6. Taurin undergoes fermentation in contact with intestinal mucus 
(which acts as the ferment) and an alkaline base, such as bicarbonate 
of soda, hut not under the influence of the ferment or the alkali alone. The 
liquid when left for some days in a warm place, emits a putrid ammoniacal 
odc.ur, and yields carbonate of ammonia and sulphurous acid, which 
escapes on the addition of a stronger acid. The quantity of sulphurous 
acid in the liquid increases for some weeks, but afterwards diminishes, as 
the sulphite of soda is converted by contact wdth the air into sulphate. 
The products of the fermentation of taurin are in fact the same as those 
which it yields under the influence of strong alkalis {vid. sup.), the taurin 
being resolved into sulphurous acid, aldehyde or its elements (which is 
converted by oxidation into acetic acid, and this again during the fer- 
mentation into carbonic acid), and ammonia (Buchner, Ann. Phai'm. 78, 
203; Jakresher. 1851, 375). 

Combinations. — Taurin dissolves in 15*5 pts. of Water at 12°, and 
in a smaller quantity of hot water, from which it crystallizes on cooling 
(Gm.). 

It dissolves slowly in cold Oil of Vitriol, forming a clear, pale 
brown, thickisb liquid, which does not become turbid on the addition of 
water (Gm.). 

It dissolves in fuming acfc?, without evolution of gas, remaining 
unaltered after the evaporation of the acid (Gm.). 

The aqueous solution exhibits no reaction with hydrochloric acid, 
nitric acid, ammonia, potash, lime-water, alum, protochloride of tin, 
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sesquicHoride of iron, sulpliate of copper, corrosive sublimate, mercurous 
nitrate, or nitrate of silver, excepting that the last-mentioned mixture, 
when exposed for some days to the light, assumes a brownish red colour, 
and deposits a few flakes (Gm.). — The aqueous solution does not act 
upon animonio-nitrate of silver (Bedtenbacher). 


Appendix, 

BistilpMte of Aldehyde-ammonia, Nff,C‘n‘0'*4-2S0l 

Bedtenbacher (1848). Ann, Pharm. 65, 37. 

Preparation, 1 . The alcoholic solution of aldehyde-ammonia absorbs 
sulphurous acid gas passed through it, in large quantity and with evolu- 
tion of heat; and when it begins to turn acid, yields, if well cooled, a 
copious white crystalline precipitate. — 2. Alcohol saturated with sul- 
phurous acid may also be added to alcoholic ammonia till acid reaction 
is produced. The crystals, after being washed on a filter with strong 
alcohol and dried in vacuo, are almost pure, provided pure aldehyde- 
ammonia has been used. 

PropeHies, Small white needles, tasting slightly of sulphurous acid 
and of aldehyde-ammonia, and having an acid reaction. 

Redtenbacher. 


4 C 

24 

.... 19*2 .... 

.... 19*25 

N 

14 

.... 11*2 ... 

.... 11 98 

7 H 

7 

.... 5*6 .... 

.... 5*81 

2 S 

32 

.... 25*6 


6 0 

48 

.... 38-4 


C^NH^S^OS 

135 

.... 100*0 



Therefore metameric with taurin. 

Decompositions. 1 . The compound enclosed in a tube does not undergo 
any alteration at 100°; at 120^" to 140^, it turns yellowish, and when 
the tube is opened emits an odour of sulphurous acid. — 2. Heated on 
platinum foil it turns brown, blackens, swells up, gives ofiT an odour like 
that of burnt taurin, and leaves a spongy charcoal. — 3. In the dry state 
it changes but slowly in cold air; but at 100', it diminishes considerably 
in weight, turning yellow and then brownish, and emitting an odour of 
burnt taurin. — 4. With the stronger acids it gives off sulphurous acid 
gas having an odour of aldehyde, whilst an ammoniacal salt remains 
behind. — 5. Heated with potash it exhibits the reaction of aldehyde. 
— 6. Its aqueous or alcoholic solution evaporated in vacuo, yields only f 
few crystalline crusts, and a large quantity of tenacious gummy matter; 
the alcohol distilled from the alcoholic solution contains sulphurous acid. 
Even when the saturated aqueous solution is mixed with excess of strong 
alcohol, only a thick syrup is precipitated, in which a few crystals form 
after some time. — 7. The aqueous solution forms with baryta, lead, and 
silver salts, precipitates, which are wholly or partially soluble in aci<i% 
The silver-precipitate is not blackened, contains mere traces of organic 
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matter, and yields by ignition even more silver than monosulphite of 
silver. 

Oomhinations, — Sulphite of aldehyde-ammonia dissolves readily in 
water, easily in hydrated, but sparingly in absolute alcohol (Redten- 
bacher) . 


Carbothialdiiie, C‘'NHss*=C*AdH^cs^ 

Redtenbacher & Liebig (1848). Ann. Pharm. 65, 43. 

When sulphide of carbon is added to an alcoholic solution of aldehyde- 
ammonia, the liquid becomes strongly heated, loses its alkaline reaction, 
and after a few minutes, deposits white, highly lustrous needles, which 
must be washed with a small quantity of alcohol. 


5 C 

30 . 

... 37*04 

Redtenb. & Liebig. 
36*87 

N 

14 . 

... 17-28 

17*16 

5 H 

... 5 . 

... 6*17 

6*,39 

2 S 

32 

. 39-51 

39*64 

C^NH^S^ 

81 . 

... 100-00 

100*06 


Carbothialdine dissolves instantly in dilute hydrochloric acid, and 
may be precipitated therefrom by ammonia or fixed alkalis, without 
decomposition and in the crystalline state. But the hydrochloric acid 
solution, when left to stand for some time, coagulates in the form of a 
whitish yellow paste, insoluble in water. Carbothialdine boiled with 
excess of hydrochloric acid, is resolved into sal-ammoniac, aldehyde, and 
sulphide of carbon. Oxalic acid added to a hot alcoholic solution imme- 
diately throws down capillary crystals of oxalate of ammonia. Tlie 
alcoholic solution forms with copper salts a thick green precipitate; with 
corrosive sublimate, thick curdy flakes; and with nitrate of silver, a 
greenish black precipitate, which soon changes to black sulphide of 
silver (Redtenbacher & Liebig), 


Oxamethane. C^AdH»,c^O®. 

Dumas & Boitllay, Ann. Chim, Phys. 37, 40; also J. PJiarm. 14, 131. 
Dumas. Ann. Chim, Phys. 54, 241. 

Liebig. Pogg, 31, 359. — Ann. Pharm. 9, 129. 

O^aiwnamesier, Oxamdthanf Weinkohlensdures Oder dtheroxalmures AmmoniaJc, 
Aetherox(xrmdy Oxamdthme, Owalovinate d* Ammoniaque, Oxalate dEthyle et d Am^ 
nmmaqm^ Oxamate d^Bthyle. — Discovered by Dumas & Boullay ia 182S, more 
accurately investigated by Dumas & Liebig. 

Formation (p. 180). — Cannot be prepared with oxamic ether and alcohol (Balard). 

Preparation. Perfectly dry aramoniacal gas is passed through the 
tubnlnre of a retort containing perfectly dry oxalic ether, till the liquid 
solidifies; the mass pressed out between blotting paper, and dissolved in 
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tlie smallest possible quantity of boiling water; tbe liquid filtered at a 
boiling heat, oxamide then remaining on the filter, in greater quantity as 
the ammonia has acted for a longer time; left to cool till the oxamethane 
crystallizes; and the crystals drained and dried in the air (Dumas k 
Boullay, Dumas). — Liebig washes the solidified mass with absolute 
alcohol, and then evaporates the alcohol; whereupon the oxamethane 
crystallizes. — Or he heats the solidified mass in the retort, passing 
amnioniacal gas through it continuously till the oxamethane melts and 
distils over. The oxamide formed at the same time remains in the retort, 
floating about in the melted oxamethane, while the oxamethane, together 
with unaltered oxalic ether, passes over. — Or he dissolves dry oxalic 
ether in absolute alcohol saturated with ammonia, and leaves the liquid 
to crystallize. 

pQ'Operties, — Colourless, unctuous laniinfe having a pearly lustre 
(Dumas), The crystals belong to the right prismatic system {Fig, 55). 
u:u' =z 60 °; ^:^ = 120 ; i :t = 125° 30 ' (Prevostaye, Ann. Chim. Fhys. 
75, 322 ). — Melts below 100 °, and sublimes above 220 ° in radiating 
laminm (Dumas). Fuses at a very gentle heat to a transparent colourless 
liquid, and volatilizes readily without residue (Liebig). According to a 
former statement of Dumas & Boullay, part of the substance when 
volatilized is resolved into charcoal and a trace of hydrocyanic acid. 
Neutral (Dumas & Boullay). 


Crystallized. Dtunas. Vol. Density, 


8 C 

. . 48 

41-02 . 

. . 41-50 

C-vapour .... 

8 .. 

. 3-3280 

N 

. . 14 

11-97 . 

.. 11-81 

N-gas 

.. 1 

.. 0-9706 

7 H . „ 

.. 7 . 

... 5-99 

... 6-06 

H-gas 

. 7 

. 0-4851 

6 0 

... 48 . 

... 41-02 . 

.. 40-63 

0-gas 

. 3 .. 

.. 3-3279 

CSNH’O® 

... 117 

... 100-00 . 

... 100-00 


2 .. 

.. 8*1116 


1 ... 4-055S 


May be regarded as^ hypothetical anhydrous oxalate of ammonia combined with 
oxalate of ethylene — NH^C^O^ + 0*^11^,0203 (Dumas & Boullay) ; or as oxamide with 
oxalic ether =02NH202+ (Persoz); or as vinic ether with oxamic acid 
= On-FO,ChNH206 (Balard). 

Decompositions. Oxamethane boiled with water yields a very acM 
solution, probably in consequence of the formation of alcohol and acid 
oxalate of ammonia (Dumas): 

C8NH706 + 4HO = NH3,C^H208 + 

2. If during the boiling of aqueous oxamethane, aqueous ammonia be 
gradually added, in such proportion that the acid may be neutralized 
as fast as it is formed, the only products obtained are alcohol and 
oxamate of ammonia (Balard, N. Ann. Chim. Fhys, 4, 101). — 3. Aqueous 
ammonia in excess quickly decomposes oxamethane, yielding oxamide 
and alcohol (Liebig) : 

C^NH"OS + NH3 = f C^HSO^. 

4. When oxamethane is heated with baryta- water, ammonia is given ofi^ 
and a sparingly soluble baryta-salt formed, which crystallizes by evapora- 
tion (Dumas & Boullay). The fixed alkalis, under the same circum- 
stances, form oxalovinates (Liebig). Balard’s supposition that an oxamate 
is formed in this reaction, is rendered improbable by the evolution of 
ammonia. 

VOL. IX. u 
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Combinations. Oxamethane dissolves in Water in all propoxtionSj 
and crystallizes out unaltered as the water evaporates (Liebig). It 
dissolves very sparingly in cold, somewhat more freely in hot water 
(Dumas k Boullay). The aqueous solution precipitates neither lime- 
salts (Liebig), nor lead and mercury salts (Dumas & Boullay). 

It dissolves in all proportions in Alcohol, from which it crystallizes 
out (Liebig); it dissolves in alcohol more readily than in water (Dumas & 
Boullay). 


Chloroxamethane. C®NH2CP0®= C*AdCP,C^0®. 

Malaguti (1840). Ann. Chim. Fhys. 74, 304; also J. pr. Qhem. 22, 

205. — iV. Ann. Chim. Fhys. 16, 49; also J. pr. Chem. 35, 430. 

ChloTOxamatJian, Chloroocathamidy ChloroxamUTiane, Chloroxithamide. 

Formation (p. 244). 

Freparation Pulverized perchloroxalic ether contained in a tubu- 
lated lotort is completely saturated with dry ammoniacal gas; the white 
mass dissolved in ether; the solution filtered from sal-ammoniac; and the 
crystals which form when the ether evaporates, pressed between paper, 
and purified by solution in hot water, treatment with animal charcoal, 
and repeated crystallization (Malaguti). 

Froperties. Chloroxamethane crystallizes from its aqueous solution 
on cooling in white needles; but from its alcoholic solution by evapora- 
tion, in the form of snow composed of needles and laminae (Malaguti). 
The crystals belong to the right prismatic system {Fig. 55., sometimes 
with the edges between and t truncated), w ; w' = 85° 20'; u : i5 = 
132° 40'; t : the face between t andu = 151° 40; i:t:=z 125° 30'. The 
last-mentioned angle is therefore the same as in oxamethane. Those 
which differ may be deduced from the same primary form as that of 
oxamethane; accordingly oxamethane and chloroxamethane appear to be 
isomorphous (Prevostaye, Ann. Chim. Fhys. 75, 322). — Chloroxamethane 
nielts at 134°, a large portion subliming at the same time as a transparent 
liquid, which solidifies on cooling in a slightly coloured crystalline mass; 
its boiling point is above 200°. — It tastes very sweet, and leaves a 
bitter after-taste only when it is not quite pure (Malaguti): 



Sublimed. 


Malaguti. 

8 C 

48 .... 

16*61 

16*85 

N 

14 ... 

4*84 ... 

4*84 

2 H 

2 ... 

0*69 .. 

0-74 

5 Cl 


61-25 .. 

60-79 

6 O 

48 ... 

. 16*61 .. 

16*78 

CSNH2C1W 

289 ... 

. 100*00 .. 

100*00 


Gerhardt {Precis Chim. org. 1, 119) and Malaguti suppose tliat the composition of 
chloroxamethane is different from that of oxamethane, and that the two belong to dif- 
ferent types, because they exhibit different reactions with aqueous ammonia and potash; 
for this reason they altered the name to Chloroxetkamide, ^ 

Beccmpositwns. 1, Chloroxamethane boiled with aqueous potash 
gives off a large quantity of ammonia, and forms chloride of potassium, 
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together with another chlorinated salt which does not precipitate nitrate 
of silver. When perfectly pure, it yields only a trace of oxalate of 
potash, but that whiehhas a bitter after-taste yields rather more. — 2. It 
dissolves completely in aqueous ammonia in the course of a few days, 
forming chioroxalovinate of ammonia (Malaguti, p. 245): 

C^NH^CPOe -f 2HO = NH-»0,C^C150,C^0®. 

Oomhinafioois. Chioroxamethane dissolves sparingly in cold, readily 
in boiling Water. The solution does not precipitate lime or silver-salts. 
— It dissolves in Alcohol and Ether (Malaguti). 

^ Compoimd Ureas. 

WuRTZ. Oompt. rend. 52, 414; Ann. Pharm. 80, 546; J. pr, Chem, 
53, 44; Pharm. Centr. 1851, 487, Jdhresber. 1851, 384. 

Ethyl-urea. C*N®H®0®= C®N‘^(H^Ae)0®. — Formed by the action 
of ammonia or cyanic ether: 

Cm5,C’N02 + NH3 =:= 

Dissolves readily in water and in alcohol, and crystallizes from the 
alcoholic solution in large prisms, which decomposed at 200^, with evolu- 
tion of ammonia and formation of other products not yet examined. 
The aqueous solution is decomposed by chlorine, forming a heavy liquid 
which sometimes crystallizes gradually. Nitric acid added to the 
aqueous solution does not form a precipitate; but the mixture, when 
evaporated in vacuo, yields crystals of nitrate of ethyl-urea. 

Methylethylurea. == C^N\H^MeAe)0^. — Formed by 

the action of methylamine on cyanate of ethyl: 

+ c^H^N = cwHW 

It is very deliquescent. 

Diethyl-urea. C'WH'W == (7N2(H"-Ae=)0^ — Formed by the 
action of water on cyanate of ethyl (VIII, 487): 

2(C4H5,C‘-N02) + 2HO « 200^ + 

Also by the action of ethylamine on cyanate of ethyl : 

C^H5,C2N02 + C^H^N = C1WH1202. 

The aqueous solution mixed with nitric acid and evaporated on the water- 
bath, yields nitrate of diethylurea, C^®N®H^^O^NHO®, in flattened rhom- 
bic prisms which are very acid and deliquescent (Wurtz ). 

TETRETHYL-imEA. = C"N2(OH®) W = C^N"Ae^0^ Ob- 

tained by the action of cyanic acid on oxide of tetrethylium: 

+ cmo = 

This compound is crystalline (Hofmann, Ann. Pharm. 78, 274). 

u,2 
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T Othyl-urea. C*N*H‘0‘=C"N“{(^4g3Q4o' 

N. Zinin, J. pr. Ohem, 62, S68. 

AcetyUnrea, Aceturetd. 

ForTmiion. By the actian of chloride of othjl (p. 195) on urea : 

C2N2H402 + C^H^OSCl = HCl + C2N2(H3,cn-F02)02. 

Preparation, Chloride of othyl poured upon dried urea acts upon it 
immediately without application of external heat ; the mixture becomes 
heated; melts; the excess of chloride of othyl volatilizes; and the liquid, 
after being stirred for some time, assumes the form of a white, tenacious 
mass, which, if heated for a few minutes to 1 20°, entirely loses the odour 
of chloride of othyl; it likewise remains soft, and is afterwards scarcely 
diminished in weight by washing with ether. On dissolving the residue 
in hot alcohol anad leaving the solution to cooi, the othyl-urea crystallizes 
out. — - A.n excess of urea appears to be advantageous in the preparation ; the best 
proportion is 2 At. urea to 1 At. chloride of othyl. 

Properties, Crystallizes from the alcoholic solution in long, four- 
sided needles with rectangular base; they are generally longitudinally 
striated, and have cavities on their surface, or four-sided grooves running 
along one of the two broader faces. The crystals are white with a silky 
lustre, and resemble those of urea. From the aqueous solution, the 
compound crystallizes, partly in six-sided prisms, partly in four-sided 
prisms with rhombic bases and dihedral summits, and collected tit 
plumose or stellate groups. 



Dried at 120°. 


Zinin, 

6 C 

36 .. 

. 35-29 .... 

.... 35-56 

2 N .. 

28 .. 

. 27-45 .... 
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6* H ... 

6 .. 

.. 5-88 .... 
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4 0 .. 

32 .. 

., 31-38 .... 

.... 31-47 


C2N2(H3,C^H302)02 102 .... lOO'OO 100-00 

Peccmposizlons. Othyl-urea heated on platinum-foil gives off a white 
vapour, the crystals becoming covered with a woolly deposit; at a stronger 
heat it volatilizes without residue. When it is heated in a tube, the woolly 
deposit begins to form at 100% but the quantity of it produced is but 
small, even at 200°, at which temperature the body fuses to clear liquid. 
This liq[uid solidifies on cooling, in a crystalline mass which dissolves in 
alcohol and water; the alcoholic solution yields crystalline geodes, com- 
posed of short, rather thick, acuminated rhombic prisms. If the heat be 
further raised, hut not too high, and continued for some time, the com- 
pound is resolved into cyannric acid which takes the form of needle- 
shaped crystals, and othyl-amine (acetamide, p. 246), which partly 
remains in the liquid amongst the crystals of cyanuric acid, and partly 
collects on the colder parts of the vessel in the form of a woolly acicular 
deposit; 

3(c?N={c4^0,}0=)^ = C»N^H30= + 3 ( ) 

Othyl-urea Cyanunc acid. Othylamine. 
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2. Boiled with caustic potash, it gives off ammonia, and yields a residue 
of carbonate and acetate of potash: 

+ 3KH02 « 2(KO,C02) + C^HSKO^ + 2NH3. 

Comhinations. Othyl-urea is soluble in Water; sparingly soluble in 
cold Alcohol, more readily in boiling alcohol; but less so than in water. 
1 pt. of it dissolves in lOpts. of boiling alcohol, but the solution after 
cooling retains only one per cent (Zinin), 


IT Cyanic Amides. 

Cahoxjrs & Cloez. Gompt.rend, 38, 314; Chem. Soc. Qu. J. VII, 184. 

Ammonia and the compounds ammonias are acted upon by gaseous 
chloride of cyanogen in a manner which may be represented by the 
general formula 

2C“H“N + C^NCl = C“H«^N,HC1 + C“H*^-iN,C2N. 
the products being a hydrochlorate of the base, and a compound o 
cyanogen, with the amide corresponding to that base. Thus when a mix- 
ture of ammonia and chloride of cyanogen carefully dried is passed into 
anhydrous ether, sal-ammoniac separates out and cyanamide (VIII, 145) 
is formed, which remains dissolved in the ether: 

2H3N 4- C2NC1 «= H3N,HC1 + H2N,C2n. 

Cyanamide. 

Again when gaseous chloride of cyanogen is passed through a solution of 
ethylamine or diethylamine in anhydrous ether, similar products are formed, 
viz., a hydrochlorate of the base, and Gyandhylamide or Cyano-dietkyh 
amide: 

20H7N + C3NC1 = C^H7N,HC1 + C^HgN ^C^N. 

Cyanethylamide. 

2Cmm + C^NCl « C^H11N,HC1 + C^N,e2N. 

Cyano-diethylamide. 

This last compound, cyano-diethylamide, is likewise obtained by the dry 
distillation of cyanethylamide. On distilling that substance in the oil-bath 
at 180°, cyano-diethylamide distils over, and an amber-coloured substance, 
which solidifies completely as it cools, remains behind : 

3C6H«N2 = + CSH^N^. 

Cyanic Cyano- 

ethylainide. diethylamide. 

Cyan^iethyhimide is a limpid colourless liquid having a cyanic odour. 
It boils regularly and without decomposition at 190°. Does not form 
definite compounds with acids, but is resolved, under the influence of 
acids or of alkalis, into carbonic acid, ammonia, and diethylamine: 
CioHW + 2KO + 4HO = 2(KO,C02) + NH^ + C^HiiN. 
Meihylethylamine treated with gaseous chloride of cyanogen, yields a 
similar product, viz., Cyam-methyletkylamide, C®H®N,C®N (Cahonrs & 
Cioez). 

[These compounds may be regarded as ammonia, ethylamine, &c., in which 
1 At. H is replaced by cyanogen; thus: cyanamide = N(H,H,Cy); cyanethylamide 
= NCH,Ae,Cy).] 
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g. Nitrogerv-nuclei. 
a. 2fitroffm-nucleus. C‘NH®. 

Acetonitrile. C^NH“. 

Dumas (1847). CompL rend. 25, 383. 

DumaS;, Malaguxi & Leblanc. Compt. rend. 25, 442 and 474. 

Cyanide of Methyl, Methylic Cyanide, Cyanformafer, Cyanmethyl, Azoture 
WAeetyle, Cyanhydrate de Methylene, Cyanure de MBthyle. [Already described, 
VIII, 60, 61, as Cyanide of Methyl.'] 

Formation and Preparation. I . By distilling crystallized acetate of 
ammonia with anhydrous phosphoric acid, digesting the distillate with a 
saturated aq[ueous chloride of calcium solution, and then distilling it over 
dry chloride of calcium and magnesia (Dumas). 

NH3,C^H404 - C^NH3 + 4HO. 

2. By distilling dry cyanide of potassium with a fixed alkaline sulpho- 
methylate, acetonitrile is obtained, contaminated with hydrocyanic acid 
and formiate of ammonia, which impart to it an intolerable taste and 
smell, and likewise a poisonous action; from these impurities it may be 
freed by heating it, first over mercuric oxide, then over anhydrous phos- 
phoric acid, the poisonous action being for the most part destroyed at the 
same time (Dumas, Malaguti & Leblanc): 

C^NK + C2H3K03,2S03 - ONH^ + 2(K0,S03). 

Properties. Thin, transparent, colourless liquid. Boils constantly at 


ir. 

Vapour density =; 

1*45 (Dumas). 
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1 .. 
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May be regarded as Hydrocyanate of methylene = C^H2,HCy (Dumas). The 
compound obtained by (2) exhibits the same properties and reactions as that prepared 
by (1) (Dumas, Malaguti, and Leblanc). 


Decompositions. 1. Boiling potash-ley forms with acetonitrile, acetate 
of potash and ammonia: 

C^NH^ + 3HO 4- KO = C^H^KO-* + NH^. 

Potassium, even at ordinary temperatures, acts violently and with evolu- 
tion of heat, on acetonitrile, forming cyanide of potassium and a com- 
bustible mixture of hydrogen and carburetted hydrogen gas (Dumas). 
Probably thus: 

C1NH3 + K =- C^NK + C2H2 + H. 

according to this equation, the hydrocarbon should he methylene (VII, 
246). — Nitric acid exerts no decomposing action, even at a boiling heat; 
neither does chromic acid (Dumas). 

Oomhinations. Acetonitrile is miscible with water (Dumas, Malaguti 
Leblanc). 
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/3. Eitrogen^nuelem. C*NCP. 
Chloracetonitrile. C'NCP. 


D0MAS, Malagtjti & Leblanc ( 1847). Com<pt. rend. 25, 442. 


Obtained by distilling tercbloracetate of ammonia or ehloracetamide 
with anhydrous phosphoric acid : 


and: 


NH3,C-iCPHO-* = C'^NCls + 4HO 
= C-^NCP + 2HO. 


Liquid of sp.gr. 1*444: j boiling at 81"^ and yielding a diatomic 
yapour. 

Chloracetonitrile boiled with potash yields ammonia and terchlor- 
acetate of potash: 

C^NCF + mo + KO = CWK04 + NH^. 

Potassium acts on it with great violence (Dumas^ Malaguti & Leblanc). 


7 . JSitrogen-Tvacleus, C^NXH^ 

Fulminic Acid. C^N^h^o^^ONXH^? 

Howard. Fulminating Mercury and Fulminating Silver, Fhil. Tram. 

1800; also Scher. J. 5, 600; also Gilh. 37, 75. 

Liebig, Eepert. 12, 412; Eepert 15, 361; also -dm. Chim, Phys. 2^, 
208; also Gilh. 71, 393; also iV^. S, 2,123. — Scim. 48, 376.^ 
Kastn. Arch. 6,327; also Ann. Qhim. Pkys. 32, 316. — Mag. Pkarm. 
35, 22^. — Fogg. 15, 5U. — Ann. Fhai'm. 26, 146; 50, 429 . 
Gay-Litssac & Liebig. Ann. CMm. Fhys. 25, 285; also Schw. 41, 179; 

also Fogg. 1, 87; also Kastn.Arch. 2, 58. 

Pagenstechee. Fulminating Mercury. Br. Arch . 7, 293. 

Knedb&rwre, Adde Fulminique. 

Howard showed in 1800, that nitrate of mercury or nitrate of silver 
heated ith alcohol and excess of nitric acid, yields a peculiar, crystal- 
line, easily detonating precipitate, yli.. fulminating mercury err fulminating 
silver I but the composition of these precipitates remained unknown till 
1824, when it wa® discovered by Liebig, whose determination was after- 
wards confirmed by Gay-Lussac. 

The rational formula of these compounds is still however the subject 
of many different theories, viz. the following; 

The empirical formula of fulminating silver is either C®NAgO®or 
C^N^Ag^O^. In the former case, it would be isomeric or metameric with 
cyanate of silver, from which however it differs remarkably in its proper- 
ties. If fulminating silver = C^N^Ag®0^, — an assumption which appears 
not only admissible, since fulminating silver is formed from alcohol, 
but even necessary, inasmuch as in certain reactions of this 
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compound, one-half of the silver appears to be in a different state to 
the other, — we have still a choice between the rational formnlse proposed 
severally by Liebig, by Berzelius, and by Laurent & Gerhardt. 

Gay-Lussac & Liebig give the formula 2Ag0,Cy‘02, and regard the 
compound as bibasic fulminate of silver. They assume in fact a bibasic 
fulminic acid, which, in the hypothetical anhydrous state = = 

Cy*0^, and in the hydrated state = 2HO,C^N^O® = 2H0,Cy^0^, but is 
unknown, even in the latter state. According to this theory, fulminating 
mercury is a mercuric difulminate = 2E[gO,Cy^O^; acid fulminate of 
silver = AgO, HO, Cy^O^; fulminate of silver and potassium =;= 
KO,AgO,Cy^Ol This view is supported by the fact that in many 
reactions of fulminating silver, hydrocyanic acid, i. e, a cyanogen- 
compound, is formed. 

Gerhardt {Freds, 2, 445) and Laurent regard fulminating silver as 
C^N(NO^)Ag^=C^NXAg^, that is, as a secondary nucleus derived from 
ethylene, just as cyanide of silver, C^NAg. is a secondary nucleus derived 
from methylene. As cyanide of silver, C^NAg, is derived from a nucleus 
C^NH (hydrocyanic acid) containing H, so doubtless may fulminating 
silver be derived from the nucleus C^NXH^, a compound not at present 
known, hut identical with Liebig’s fulminic acid = 2HO,Cy^O^ Accord- 
ing to this view, fulminating mercury = C^NXHg^; the so-called acid 
fulminate of silver = C^NXHAg; and fulminate of silver and potassium 
= C^NXKAg. In favour of this view it may be urged, that the com- 
pounds in question are produced by nitric acid, which so readily intro- 
duces hyponitric acid = NO^=X into the decomposed compound in place 
of hydrogen, — and that this substitution affords the most satisfactory 
explanation of the detonating properties of these compounds, wherein 
they differ from the cyanates and agree with the majority of nitro- 
compounds. 

Berzelius {Bei'Z. Jahresher, 24, 87) supposes that these fulminating 
compounds contain a metallic nitride. Thus, the acid fulminate of silver 
obtained by Gay-Lnssac & Liebig = HO,AgN,C^NO®j by separation of 
IHO, this compound is converted into AgO,AgN,C^X 01 As the 2 At. 
silver are here supposed to he in different states (the one being associated 
with N as a copula in the acid, the other with 0 in the bases) we have 
an explanation of the fact, that in many decompositions of fulminating 
silver, only the latter atom is separated. The same view explains why 
the so-called fulminate of silver and potassium, KO,AgN,C*NO®, detonates 
as strongly as fulminate of silver AgO,AgN,C^NO® ; the quantity of 
AgN, whose decomposition produces the detonation, being in fact the 
same in both cases. If the detonation were caused, as Gay-Lussac and 
Liebig suppose, by the oxygen of the silver-oxide or mercuric oxide, 
passing over readily and with evolution of light and heat, to the carbon, 
then KOjAgOjC^X^O^, ought to detonate less strongly than 2AgO,C^N^O^. 
-—This circumstance is equally in favour of Gerhardt & Laurent's 
theory. 

For Kiiim^s theory, M, Kiihn {Schw, 61, 503) and Liebig {Mag, Fharm. 35, 227). 

The foRowing description of these compounds is based upon Gerhardt & Laurent’s 
view ) but the old names have been for the most part retained. 
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Fulminating Zinc or Neutral Fulminate of Zinc. 

C^N^Zn^O^^C^HXZnl 

Edm. Davy. Transact, of the Dublin Soc. 1829; abstr. Berz. Jahresber. 

12, 95 & 120. — Febling. Ann, Pharm, 27, 130. 

Liebig showed that when zinc is boiled with fulminating mercury and 
water, mercury is separated, and a yellow liquid produced which on 
cooling deposits yellowish, slightly detonating crystals. E. Davy in 
1829, examined more minutely the compound thence resulting. 

1 pt, of fulminating mercury is placed under water in contact with 2 
pts. of zinc-filings, and the whole frequently shaken, till all the mercury 
is precipitated and an amalgam formed, after which the filtrate is left to 
evaporate spontaneously. 

Transparent, colourless, rhombic tables, which are tasteless; detonate 
very strongly at 195°, or by percussion or by contact with oil of vitriol; 
are insoluble in water; but dissolve in aqueous alkalis. — If the filtrate 
be evaporated, not in the cold, but at a gentle heat, there remains a deep 
yellow crust together with yellow needles, which do not detonate by 
contact with oil of vitriol, but when heated, detonate as readily, but not 
so violently, as the first-mentioned crystals ; this latter product is 
insoluble in cold water and alcohol, but dissolves sparingly in boiling 
water and very readily in ammonia. — An aqueous solution of fulminate 
of zinc poured into a bottle filled with chlorine gas, yields a volatile, 
strongly smelling oil, which has a sweet and bitter taste, does not 
detonate, is insoluble in water, and reddens litmus after some time only. 
(Davy) [C'NXCP?]. 

The liquid filtered from the zinc-amalgam, and containing the fulmi- 
nating zinc, yields with nitrate of silver a white precipitate soluble in 
hot water, and detonating violently when heated. With hydrochloric 
acid, it gives out a strong odour of hydrocyanic and cyanic acid. It 
decomposes, even during evaporation over the water-bath, yielding a 
yellow powder, partially soluble in water. The soluble portion of this 
powder yields, with silver-salts, a white non-fulminating powder, while 
the insoluble part gives off ammonia, and leaves white oxide of zinc 
when heated, and dissolves in acids with evolution of hydrocyanic acid 
(Fehling). 


Fulnrinate of Zinc and Hydrogen, or Acid Fulminate of Zinc. 

The aqueous solution of fulminating zinc, recently prepared by the 
action of zinc on fulminating mercury, is precipitated by excess of 
baryta- water, wbicb separates a large quantity of oxide of zinc; the 
excess of baryta removed by a stream of carbonic acid; the filtrate, 
which contains fulminate of zinc and barium, and throws down fulminate 
of silver from a solution of the nitrate, treated with the exact quantity 
of sulphuric acid required to remove the barium ; and tbe liquid filtered. 
The filtrate contains a large quantity of zinc (Fehling). 
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The reaction is as follows: 


then: 

finally: 


C4NXHg2 + Zn2 = C4NXZn2 + 

C^NXZn® 4- BaO = C^NXZnEa + ZnO; 
C^NXZnBa + H0,S03 = C^NXZriH 4- Ba0,S03. 


The same process was previously employed by E. Davy, who however 
supposed that the baryta threw down all the zinc, and that the liquid 
remaining after precipitation of the baryta by sulphuric acid was pure 
fulminic acid = C^NXH^. 

The filtrate has a powerful odour, like that of hydrocyanic acid; 
tastes agreeably sweet at first, but afterwards pungent and astringent ; 
it volatilizes when exposed to the air [?]. When kept in a bottle, it 
gradually loses its odour, becomes yellow, and deposits a yellow powder, 
but still forms an explosive yellow precipitate with nitrate of silver 
(E. Davy). 

By saturating the filtrate with different bases, the double salts of 
fulminating zinc are obtained, in which the 1 At. of zinc [hydrogen?] is 
replaced by lAt. of another metal or of ammonium (they were regarded 
by Davy as pure fulminates). These salts detonate, according to Davy, 
between 175° and 230°; most of them are soluble in water, and have a 
sweetish rough taste; their solutions precipitate nitrate of silver. 

Ammonium-salt — The solution evaporated to a syrup, solidifies in 
the crystalline form. The salt has an alkaline reaction, deflagrates with 
a yellow flame when heated, and on exposure to the air, becomes moist, 
but does not decompose. 

Potassium- salt. — Transparent, colourless, rhombic prisms, which 
have an alkaline reaction, and a sweetish rough taste; explode violently, 
with a pale red flame, by heat, percussion, or contact with oil of vitriol ; 
deliquesce in the air; but are insoluble in alcohol (E. Davy), 

JSodium-salt. — Efflorescent, oblique rhombic prisms with dihedral 
summits. Detonates like the potassium-salt. 

Barium-salt — Crystallizes from the syrupy solution in flat, transpa- 
rent four^sided prisms, which are alkaline; explode like the potassium- 
salt; turn yellow when exposed to the air; and are soluble in alcohol 
(E. Davy). 

Strontium-salt — Small, transparent needles. 

Calcium-salt — Very small, alkaline, detonating crystals, which turn 
yellow when heated; become moist when exposed to the air; and are 
sparingly soluble in water. 

Magnesium-salt — Long, flat, four-sided prisms, which are opaque; 
neutral; explode by beat or percussion, but not by contact with oil of 
vitriol; and dissolve readily in water and in alcohol. 


Alumimim-salt — Yellow, indistinctly crystalline, neutral, slightly 
detonating, easily soluble. 

Chromic Salt — Small, yellow-green, detonating crystals, easily 
soluble in water. 
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Manganous Salt. — The solution evaporated to a syrup dries up to a 
tough amorphous mass, which readily explodes. 

Gadmium-salt. — White opaque needles, which turn yellow, slowly 
on exposure to the air, quickly when heated; detonate strongly; and are 
somewhat soluble in water. 

Lead-salt. — An aqueous solution of neutral fulminate of zinc yields 
with nitrate of lead, a white, detonating, crystalline powder. 

The Ferrous-salt is so very unstable that it cannot well be prepared. 

Cohalt-salt — Delicate yellow needles, detonating, sparingly soluble 
in cold water, rather more in boiling water. 

Nichel-salt — Formed by double decomposition; obtained by evapo- 
ration in the form of a yellow or yellow-green crystalline crust ; explodes 
readily; sparingly soluble in water (E. Davy). 


Fulminating Copper. 

1. Formed by boiling fulminating mercury with water and copper- 
filings, and filtering hot; the green filtrate yields green crystals. — 
2. Fulminating silver is used instead of fulminating mercury, and a 
green-bine powder of the same composition obtained, partly by cooling, 
partly by evaporating the filtrate. — The compound (1) detonates 
violently when heateJ, the compound (2) less violently, both of them 
emitting a green light. Both dissolve hut sparingly in water, even at a 
boiling heat, (1) forming a green, (2) an azure-blue solution (Liebig, 
Ann. Chim. Phys. 24, 304). Acids give no precipitate, because acid 
fulminate of copper is soluble in water (Liebig & Gay-Lussac, Anri. 
Ghim. Phys. 25, 304). 

When fulminating mercury is repeatedly agitated in a bottle with 
water and copper-filings, a hrown salt is formed, still mixed with copper- 
filings, in the form of a heavy powder covered with grey flocks of reduced 
mercury; also a green salt which remains dissolved. — The hrown saltj, 
which appears to correspond with cuprous oxide, when separated from 
the grey flocks by levigation, then collected on a filter and dried, does 
not explode by contact with oil of vitriol, but when heated, detonates as 
strongly as fulminating silver. It may also be obtained by mixing finely 
divided copper with water on a glass plate, and placing the plate for 43 
hours over a glass vessel containing a mixture of sulphuric acid and a 
fulminate. The copper is thereby converted into a hrown mass, which 
detonates violently and with a large flame, — The liquid filtered from 
the brown salt, yields by gentle evaporation, light green, double six-sided 
pyramids, which when heated, explode with a large white flame, and a 
louder report than fulminating mercury. — If Dutch foil be used instead 
of copper-filings to decompose the fulminating mercury, the mixture,, 
when left for a month, deposits, besides the brown salt, small shining 
crystals of a bluish white salt [containing zinct] which appears hj 
microscopical examination to conrist of bipjrramidal dodecah^hrons and 
rectangular prisms; it detonates with great violence; and is insolublein 
water both cold and boiling (E. Davy, Berselim 12, 126). 

Copper-filings boiled with water and fulminating mercury, appear to 
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become covered with mercury; the hot filtered liquid is pale green, and 
deposits on cooling a pale green powder which explodes with a green 
flame, but contains only a small quantity of copper, and therefore gives 
but a faint blue colour with ammonia ; a true fulminate of copper has not 
yet been obtained (Pagenstecher). 

1 Fulminate of Copper and Ammonium, C^NXCu(NH^). — Formed 
by mixing a solution of fulminate of copper (obtained by leaving fulmi- 
nate of silver for some time in contact with metallic copper and a large 
quantity of water) with a large excess of ammonia, 1 At. copper being 
then replaced by 1 At. ammonium. When a stream of sulphuretted 
hydrogen is passed through the solution of this salt, the copper is 
completely precipitated, and the filtered solution is founded to contain 
hydrosulphocyanic acid and urea: 

C‘‘NCu(NH4)04 + ms = CuS + 2HO + C^NHS^ + C^NSH^O^. 

The formation of urea from this salt is in favour of Gray-Lussac & Liebig’s 
view of the relation between the fulminates and cyaiiates (Gladstone, 
Ami, Fharm. 6G, 1; comp VII, 362). 

Fulminate of Copper and Potassium, — By digesting fulminate of 
silver and potassium with copper, the silver is precipitated and a liquid 
obtained, which is neither precipitated by potash nor turned blue by 
ammonia, unless it be previously mixed with hydrochloric acid (Liebig). 


Fulminating Mercury, Howard’s Fulminating Mercury, 
or Mercuric Fulminate. 

Foinfiiation. When mercury or mercuric oxide is heated with strong 
nitric acid and alcohol, the liquid boils up and gives off a white cloudy 
vapour, called ethereal nitrous gas (VIII, 217), containing mercury 
besides the products there mentioned; and as this vapour diminishes, the 
fulminating mercury separates out in crystals which are still impure 
(Howard). — 2, Fulminating silver boiled with mercury and water is 
converted into fulminating mercury (Liebig). — 3. An aqueous solution 
of fulminating zinc, added to aqueous protochloride of mercury, throws 
down fulminating mercury (E. Davy). 

Preparation, A solution of 1 pt. mercury in 7*5 pts. hot nitric acid 
of sp. gr. 1*30 is mixed with 10 pts. of alcohol of sp. gr. 0*85; the 
mixture heated till it begins to froth ; and the crystals which form on 
cooling, collected on a filter, washed with cold water, and dried. In this 
manner, from 1*20 to 1'32 pts. of fulminating mercury are obtained 
(Howard). — On adding the alcohol, mercurous nitrate is precipitated in 
the form of a white powder, which redissolves on heating; but the 
liquid immediately afterwards assumes a grey colour, from separation of 
30 to 40 p-c. of the mercury used; it then turns yellow, giving off the 
thick white mercurial vapour, and deposits greyish white crystals of 
fulminating mercury, the quantity of which increases as the liquid cools; 
the mother-liquid yields on evaporation a small quantity of fulminating 
silver, whilst mercuric oxalate remains in it, being held in solution by 
the nitric acid (Liebig). — The liquid must be boiled for two minutes 
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longer after tlie addition of tKe alcohol ; if it he heated, either for too 
short or too long a timoj the preparation fails (Foiircroy, Thenard). 

Wright {Gilb. 76, 74) dissolves 1 pt. of mercury in 4 pts. of boiling 
nitric acid; adds 3*5 pts. of alcohol when the liquid is perfectly cold; 
promotes the ebullition, if necessary, by heating the liquid for a short 
time, allowing the boiling to go on till the white fume which rises up 
turns reddish ; then precipitates the fulminating mercury by cold water, 
and washes it with water by decantation. — Cremascoli (Ann. Pharm. 
10, 88) dissolves 1 pt. of mercury in 12 pts. of nitric acid of 34° Bm. ; 
adds 8 pts. of alcohol of 36° Bm. after the liquid has cooled to 12*5°; 
heats the flask in boiling water for two or three minutes, till thick white 
fumes begin to form (the action being otherwise but slight) ; sets it in a 
cool place; collects the resulting crystals on a filter; washes them with a 
small quantity of water; and dries them between paper in the dark. 
The product amounts to 1*25 pt. — Guthrie takes 13 pts. nitric acid of 
sp. gr. 1*34 and 8 pts. alcohol to 1 pt. of mercury. 

In the preparation of fulminating mercury on the large scale for 
percussion caps, l^- lb. of mercury is dissolved at a gentle heat in 18 lbs. 
of pure nitric acid of 36° Bm. contained in a large glass flask; then 
gradually mixed with 8 to 10 litres of alcohol, and heated if necessary 
till it begins to boil up; then after the ebullition has ceased, and the 
liquid has completely cooled, the liquid is poured off, and the fulminating 
mercury left to drain on linen filters in glass funnels, washed with a little 
pure water, and dried (Chevallier, J.des connaiss, vmeVes ; Also Ann. 
Pharm. 23, 167). 

Purification. The fulminating mercury is dissolved in boiling water; 
the yellow solution filtered from the metallic mercury; and the yellow 
needles which crystallize out on cooling, purified by again dissolving them 
in hot water and crystallizing (Liebig). 

Properties. White needles, having a silky lustre, very soft to the 
touch, and of sweetish metallic taste (Liebig) : 


Prohalle Calculation. 


Howard. 

iJebig. 

4C 

24 ... 

8*45 



2 N 

.. 28 .... 

9*86 



2 Hg 

. 200 .... 

70*42 ... 

.... 6i72 . , 

56*9 

4 0 

32 . . 

11*27 



C^NXHgS 

... 284 .... 

100-00 




Crystallized fulminating mercury probably contains water of crystallization; the 
presence of this water would explain the deficiency in the mercury found by analysis. 
— Liebig and Berzelius regard fulminating mercury as mercurous fulminate = 
C^N2Hg^04=2Hg20,Cy®0^; but according to this formula, it should contain 82*6 p.c. 
mercury. Moreover potash separates from it not mercurous but mercuric oxide. 

Decompodtiom. 1. Fulminating nmreury explodes when heated to 
187° (to 145°, according to Thenard, Ann. Chim. Phys. 44, 181), hy con- 
tact with burning tinder, by the spark from flint and steel (but according 
to Scbmidt, Schw. 41, 73, only when quite dry), by the electric spark, by 
friction or percussion, and hy contact with oil of vitriol (Howard). The 
explosion is accompanied by a reddish light, and produces a black spot 
having the metallic lustre (Liebig). The detonation produced by beat, 
by burning tinder, or by flint and steel, is mncb less violent than that 
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produced by friction, percussion, or the electric spark, proba|)]y because 
in the latter cases, the explosion of the whole quantity takes place more 
simultaneously. 10 grains of fulminating mercury yield by explosion, in 
addition to water and metallic mercury, only 4 English cubic inches of a 
mixture of carbf)nic acid and nitrogen gases. 34 grains of fulminating 
mercury are sufficient to burst strong fire-arms; smaller quantities propd 
the ball, but with much loss force than gunpowder. — On the very powerful 
action of fulminating mercury in its immediate neighbourhood^ and slight effect even at 
small distances, vid. Schw. 29, 88.* — On the variation in the facility with which fulmi- 
nating mercury takes fire, and, on its application to percussion-caps, vid. Aubert, 
Telissier & Gay-Lussac {Ann. Chim. Phys. 42, 8). 

2. Heated nitric acid decomposes fulminating mercury, yielding 
carbonic acid, acetic acid, and mercuric nitrate (Howard). — 3. Moderately 
dilute sulphuric acid decomposes it without detonation, but with rise of 
temperature and evolution of gas (Howard). In this reaction, 84 p.c. of 
a white, non-detonating powder is separated, apparently a mixture of 
metallic mercury with mercurous oxalate (mercurous sulphate, according 
to Berthollet), whilst also a small quantity of mercury appears to remain 
dissolved in the liquid containing the sulphuric acid. 100 grains of 
fulminating mercury distilled with a mixture of water and oil of vitriol in 
equal parts, yield from 28 to 31 English cubic inches of a gaseous mixture 
which coats the mercury in the trough with a black powder, and contains, 
besides carbonic acid, from 5 to 7 Engl. cub. in. of a gas which burns with 
a greenish blue flame, does not explode by the electric spark when mixed 
with hydrogen, and is not absorbed by water (Howard). 

4. Aqueous hydrochloric acid decomposes fulminating mercury, with- 
out any considerable evolution of gas, forming mercuric chloride and 
mercurous oxalate (Howard). It produces mercuric and mercurous chlo- 
ride, together with sal-ammoniac (Thenard). It produces a large quantity 
of hydrocyanic acid (Ittner). — 5. Sulphuretted hydrogen converts fulmi- 
nating mercury immersed in aqueous ammonia, into sulphide of mercury 
and hydrosulphocyanic acid (Pagenstecher): 

[C^N^Hg^O^ + 6HS == 2HgS -f 2C2NHS2 + 4HO ?] 

6. Boiling potash-solution separates a large quantity of mercuric 
oxide, without evolution of ammonia, and yields a filtrate, which, as it 
cools, deposits yellow detonating flakes and needles, probably consisting 
of potassio-mercuric fulminate [C^N®HgKO^ 1], and forms with nitric 
acid a white precipitate, which detonates strongly by percussion. Baryta, 
strontia, and lime behave like potash (Liebig). — Potash-ley exerts no 
action in the cold; when hot, it separates mercuric oxide, but the filtrate 
yields by evaporation, not a dentonating salt, but only carbonate of 
potash. Cold barjia- water likewise exerts no action; hot baryta dissolves 
a small quantity of fulminating mercury, leaving the rest unaltered; and 
the liquid, if afterwards exposed to the air, deposits all the baryta iii the 
form of carbonate, so that sulphuric acid no longer forms any precipitate 
in it; sulphuretted hydrogen, on the other hand, forms a brown precipi- 
tate, as with the solution of fulminating mercury in pure water (Pagen- 
stecher). — Fulminating mercury mixed with a small quantity of strong 
potash, thickens in the course of an hour or two; if small quantities of 
potash be then added, till, after about 48 hours, the mixture no longer 
becomes pasty, it is found to have increased to about four times the 
original volume of the fulminating mercury. A sample of the mixture 
taken out at the end of the first day, wrapped up in cloth, and strongly 
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pressed in a vice, leaves a mass, which is sometimes hot and detonates 
spontaneously after a while; if this does not take place, it exhibits, after 
drying at 1 00^, an explosive power equal to that of fulminating silver. 
In four days, however, the mixture loses its explosive power, and when 
heated after drying, merely exhibits a slight deflagration. Carbonate of 
potash, soda and ammonia, and lime-water, first heighten the explosive 
power of fulminating mercury, and then destroy it (Guthrie, SUL Am, J, 
21, 289 and 293). 

7. A solution of fulminating mercury in warm aqueous ammonia 
deposits, on cooling, yellow, strongly detonating, granular crystals; but 
if the solution be boiled for some time, it deposits, on cooling, a yellowish 
white, non-detonating-powder (Liebig). Fulminating mercury dissolves 
abundantly in ammonia, without separation of oxide; the solution, when 
exposed to the air, gives off ammonia, and becomes covered with a 
crystalline crust of unaltered fulminating mercury, which renews itself as 
often as it is broken (Pagenstecher). 

8. Finely divided zinc, copper, or silver (the last in contact with 
platinum-foil) boiled in water with fulminating mercury, decomposes that 
compound, yielding metallic mercury and fulminate of zinc, copper or 
silver (Liebig). Respecting zinc and copper, vid. pp. 297, 299. — By agitating 
iron filings with fulminating mercury and water, mercury separates after a 
few hours, and a yellow liquid is obtained, which yields detonating preci- 
pitates with lead and silver salts, and with potash, a dark green precipi- 
tate, which soon turns brown. The yellow liquid, when boiled, first 
becomes wine-red, then black and blue, and yields a precipitate of the 
same colour, which dries up to a brown, non-detonating mass. The 
yellow liquid, when recently prepared, assumes a deep red colour on the 
addition of an acid, loses its colour after a few hours, and then smells, 
first of fulminic H], and afterwards of hydrocyanic acid (E. Davy). — A 
pasty mixture of fulminating mercury with pulverized iron and water, 
moderately warmed, becomes strongly heated, and dries up almost com- 
pletely to a red-brown mass; this, when mixed with lukewarm water and 
filtered, yields a filtrate which, oh evaporation, leaves a small saline 
residue containing ammonia; and on the filter there remains a black- 
brown residue which contains globules of mercury; yields prussian blue 
with hydrochloric acid; and when heated after drying, bums with bright 
sparkling, but without detonation (Pagenstecher). 

Fulminating mercury dissolves very sparingly in cold water, more 
readily in hot water (Howard). It dissolves slightly in aqueous ammonia 
(Liebig, Pagenstecher). 

Respecting the double fulminates of mercury and potassium, barium, strontium, 
and calcium, vid. p. 302, 6. 

Mercurous nitrate forms with fulminating zinc, an iron-grey precipi- 
late, which detonates slightly by heat or by percussion (E Davy). 


Fulminating Silver. Howard’s (Brugnatelli’s) Fulminating 
Silver, or Neutral Fulminate of Silver. 

Formation, 1. By heating aqueous nitrate of silver with strongnitnc 
acid and alcohol, the same phenomena and products appearing as in the 
formation of fulminating mercury (p. 300). Neutral nitrate of silver does 
not yield fulminating silver when boiled with alcohol; the formation of 
that compound requires the presence of nitrous acid, inasmuch as 
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<5yanog^ti is thereby produced; when nitrons acid vapour is passed into 
an alcoholic solution of nitrate of silver, fulminating silver q[uickly 
separates in large needles, without ebullition of the liquid (Liebig, Jn 7 Z. 
Fharm, 5, 287): 

+ 2(AgO,NO''’) + 2N03 «= CWAg^O^ + 6H0 + 2N0«. 

2, Fulminating mercury is converted into fulminating silver by boiling 
with water, pulverized silver, and platinum -filings (Liebig), 

Freparatiom Nitrate of silver is heated with alcohol and strong 
nitric acid till the liquid begins to boil up; and the crystals of fulminat- 
ing silver which form during the ebullition and as the liquid cools, are 
collected on a filter, washed with cold water, and dried either in the cold, 
or at most at the heat of the water-bath. 

The preparation of fulminating silver requires the greatest caution. 
Capacious vessels must be used, so that the liquid may not boil over, as 
in that case the salt might dry on the outside and then explode; all flame 
must be removed to a distance, lest the vapours should take fire; and the 
mixture mnst be stirred with wooden rods, not with glass rods or other 
hard bodies. Contact with hard bodies must especially be avoided after 
the preparation is dry. Paper shovels must he used to transfer it, and it 
must be kept in vessels of paper or paste-board, not of glass, and the 
vessels must be loosely covered, as an explosion might arise from the 
friction of the stopper, or from pressing the cover of the box to fix it 
(Gilh, 37, €4). 

Howard and Cruickshank dissolve 1 pt. of silver in a mixture of 
24 pts. water and 24 pts. of the strongest nitric acid, add 24 pts. of 
alcohol, and obtain 1*5 pt. of fulminating silver. — Brugnatelli (A. Gehl, 
3, 665), pours 5 pts. alcohol, and then 5 pts. fuming nitric acid on 1 pt. 
of pulverized lunar caustic, and at the proper time cools the mixture, 
which boils up and deposits fulminating silver, with water, to prevent the 
fulminating silver from being decomposed. — Accura recolrnmends 2*5 pts. 
of fuming nitric acid, and 7 pts, of alcohol to 1 pt. of nitrate of silver. — 
Descotils (Ann. Ghim. 62, 198, also Gilh. 28, 44), adds the alcohol 
to the nitric acid as the silver dissolves in it; as however the alcohol 
interferes with the solution of the silver, the product is, according 
to Liebig, greatly diminished thereby. — Wagenmann (Gilh. 31, 130), 
mixes a solution of 1 pt, silver in 8 pts. nitric acid of sp. gr. 3*18, 
heated to ^0“ or 60°, with 8 pts. alcohol of sp. gr. 0*85; heats the liquid 
again to 50° or 60°; and adds 4 pts. of fuming nitric acid, which causes 
foaming and formation of fulminating silver, in quantity at least equal 
to f of the silver used, — The quantity of alcohol here recommended is 
too small; and the liquid becomes too hot, whereby the fulminating silver 
is decomposed (Liebig). — Gay-Lussac & Liebig dissolve 1 pt. of silver in 
20 pts. nitric acid of 40° Bin.; add to the solution 27 pts. of 86 per cent, 
alcohol, heat the mixture till it boils up; remove the liquid, which is 
becoming turbid, from the fire; mix it, in order to moderate the frothing, 
with another 27 pts. of alcohol; and obtain, after the liquid has com- 
pletely cooled, about 1 pt. of fulminating silver. The mother-liquor of 
fulminating silver is green if the silver contains copper, and when 
evaporated, deposits all the copper in the form of oxalate; there then 
remains a liquid containing silver, which, when further evaporated, leaves 
a red klU, easily soluble in water (Liebig) . 

Properties. Small, white, opaque shining needles, having a strong, 
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bitterish metallic taste (Descotils, Liebig) . According to Pajot-la-Foret, 
fulminating silver kills cats with violent convulsions; according to Ittner, 
5 grains of it are sufficient, and produce narcotic symptoms. When 
properly washed, it is neutral and has no caustic action (Liebig): 

Crystallized. Descotils. 

4 C 24 .. 8-00 7*92 

2 N 28 .... 9-33 9*24 

2 Ag 216 .... 72-00 72*19 71 

4 O 32 .... 10*67 10*65 


Or: 


C^NXAr .. . 300 .. . 100*00 100-00 


Gay-Lussac & Liebig. 


2 Cy 

.... 52 

... 17-33 ... 

. . 17*16 

2 AgO 

.... 232 . 

... 77*34 . . 

. .. 77*53 

2 0 

.... 16 . 

... 5*33 

.... 5*31 

2Ag0,Cy202 

.... 300 . 

.. 100*00 .. 

.... 100-00 


Becompositions. 1. Fulminating silver gradually blackens in white 
and in blue light, giving off carbonic acid, nitrogen and aq[ueous vapour [?] 
and leaving a black suboxide [?], mixed with a small quantity of the 
undecoraposed compound (Liebig). — 2. It explodes much more violently 
than fulminating mercury, by heat, by the electric spark, by friction or 
percussion, or by contact with oil of vitriol. — A heat of 100° to 130° is 
not sufficient to induce the explosion of dry fulminating silver (Liebig). 
— It does not explode by mere pressure, unless the pressure be very 
strong (Descotils). — In the moist state, it requires a much harder blow 
to explode it than when dry, but it will sometimes explode, even under 
water, by friction with a glass rod (Figuier, Ann. Chim. 63, 104; 
Liebig). — It explodes with peculiar readiness when rubbed with glass- 
dust or quartz-sand; also when dry, with the edge of a playing card 
(Figuier). On the other hand, it may be rubbed to powder in a porcelain 
mortar with a cork or with the finger (Liebig). — Fulminating silver 
well washed and then exposed to the sun till it is dry, explodes on the 
slightest touch (Trommsdorff, Gilb. 31, 112). — Oil of vitriol causes 
moist fulminating silver to detonate as strongly as the dry compound 
(Schmidt, Schw. 41, 72). — The light accompanying the explosion, which 
is most easily seen in the dark, is blue reddish white; it is succeeded by 
a grey vapour having a peculiar electrical odour. Gunpowder mixed with 
fulminating silver is not ignited by the explosion, but merely scattered 
about (Liebig). — When fulminating silver is exploded by oil of vitriol or 
by percussion (in the latter case, provided it be moist), the odour of 
hydrocyanic acid is perceptible (Tttner, Dobereiner.) — Fulminating 
silver, mixed with 20 times its weight of finely pulverized sulphate of 
potash, gradually decomposes when heated in a tube, yielding 2 vol. 
carbonic acid to 1 vol. nitrogen (also carbonate of ammonia, if moisture 
be present), and doubtless leaves dicyanide of silver, C^NAg^ [now called 
paracyanide of silyer, VIII, 27]: for the residue mixed with cupric 
oxide and ignited, again yields the same gaseous mixture, in about the 
same quantity and the same proportions as by the first ignition (Gay* 
Lussac& Liebig). Therefore, in the first instance: 

= C»NAg2 + 2C02 + N. 


VOL. IX. 


X 
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afterwards, when ignited with cupric oxide: 

C2NAg2 + 40 = Ag2 + 2C02 + N. 

A mixture of 1 pt. fulminating silver and 40 pts. cupric oxide when 
heated, immediately gives off, without detonation, the whole of the. 
oarhonio acid and nitrogen gases in the proportion by volume of 2 to 1 
(Gay-Lussac Liebig). 

3. Fulminating silver thrown into a bottle filled with chlorine explodes 
before it reaches the bottom, and therefore does not break the bottle 
(E. Davy). — Fulminating silver well moistened with water and exposed 
to a current of chlorine gas, absorbs a large quanity of the gas, turns 
yellow, and is finally converted, without any formation of carbonic or 
chloric acid, into chloride of silver, and a yellow oil, heavier than water, 
having a pungent odour, attacking the eyes strongly, and having a sharp 
burning taste which almost paralyzes the tongue. If the mixture be 
agitated with water and distilled, gas is given off before the water begins 
to boil, and a colourless oil passes over, having a somewhat less powerful 
odour. This oil gives off gas under water; is insoluble in aqueous 
alkal's, but dissolves in alcohol; and, if mixed in this solution, first with 
potash, then with a ferric salt, and then with an acid, exhibits a green 
colour. This oil is therefore related to the oil of chloride of cyanogen 
(Liebig, JPoao^ 15, 564). [May it not be C^NXCP, as indicated by 
the following equation ? 

C^NSAg^O^ + 4C1 = + 2AgCl.] 

4. Nitric acid boiled for some time with fulminating silver, decomposes 
it, forming nitrate of ammonia and nitrate of silver (Descotils.) — 

5. Dilute sulphuric or oxalic acid decomposes fulminating silver without 
effervescence, forming hydrocyanic acid and ammonia (Gay-Lussac & 
Liebig). 

6, Aqueous hydrochloric acid immediately converts all the silver of 
fulminating silver into chloride of silver, with evolution of the odour of 
hydrocyanic acid (Descotils). — Besides chloride of silver and hydro- 
cyanic acid, a trace of ammonia is obtained, but no oxalic acid (Ittner). 
— By a comparatively small quantity of hydrochloric acid, the fulminat- 
ing silver is converted into chloride of silver and acid fulminate of silver, 
AgO,HO,Cy^O® [=C^NXAgH]; but on adding hydrochloric acid till the 
filtrate is no longer clouded by it, the acid fulminate is converted into 
chloride of silver, hydrocyanic acid, and a peculiar chlorinated acid; 
neither ammonia nor carbonic acid is formed in this reaction (Gay- 
Lussac & Liebig). To judge by the odour, a large quantity of hydro- 
cyanic acid is formed; but on passing hydrogen gas through a mixture of 
fulminating silver and hydrochloric acid, then over marble, and lastly into 
solution of nitrate of silver, no precipitate is formed (Gay-Lussac & 
Liebig. [Hence there is perhaps formed an acid smelling like hydro- 
cyanic acid, but not identical with it.] 

The chtorinated add contains carbon, nitrogen, chlorine, and perhaps 
also hydrogen. The chlorine contained in it appears to amount to 2*5 
times as much as that which is contained in the chloride of silver pro- 
duced. It tastes pungent and sweetish, reddens litmus strongly, and 
does not precipitate nitrate of silver. It decomposes when exposed to 
the air for some hours, more quickly when heated, yielding ammonia, 
which neutralizes the still-undeeomposed portion of the acid. After 
neutralization with potash, whereby it first acquires a rose-red, then a 
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yellow colour^ or after it has been saturated with ammonia by spontaneous 
decomposition, it colours ferric salts deep red. The acid saturated with 
potash gives off ammonia when evaporated^ and leaves a residue which 
effervesces strongly with acids, and whose aqueous solution precipitates 
nitrate of silver (Gay-Lussac & Liebig). 

7. Aqueous hydriodic acid decomposes fulminating silver in a similar 
manner, yielding iodide of silver and an ioduretted acid, analogous to the 
chlorinated acid, but forming a deep red precipitate with sesquichloride 
of iron, without being first neutralized. In this decomposition by hydri- 
odie acid also, no odour of hydrocyanic acid is perceptible* (Gay-Lussac 
& Liebig). — Hydrofluoric acid does not decompose fulminating silver 
(Gay-Lussac & Liebig). 

.8. A small <][uantity of aqueous sulphuretted hydrogen decomposes 
fulminating silver, forming sulphide of silver and cyanic acidj a larger 
quantity forms sulphide of silver and hydrosulphocyanic acid: 


and 


[C^N^Ag^O^ -h 2HS = 2C2NH02 + 2AgS; 
C^N^AgSO^ + 6HS = 2C2NHS2 + 2AgS + 4HO. 


Or, if we suppose that the cyanic acid formed at first, is converted by 
excess of sulphuretted hydrogen into hydrosulphocyanic acid: 

C-NH02 + 4HS = 2C2NHS2 + 4HO. 


Part of the cyanic acid is resolved into carbonic acid and ammonia, 
which latter remains combined with the hydrosulphocyanic acid. Such 
at all events is the explanation which I venture to give of the following 
experiments of Gay-Lussac & Liebig, although these chemists regard the 
acid which is formed as different from hydrosulphocyanic acid.] 

When fulminating silver is suspended in water, the liquid briskly 
agitated, and sulphuretted hydrogen passed through it in quantity not 
sufficient for complete decomposition, the liquid emits a pungent odour 
like that of cyanic acid, and forms fumes when a stopper dipped in 
ammonia is held over it. But when all the fulminate of silver is decom- 
posed, the liquid becomes clear and loses all its odour. If it be then 
filtered from the sulphide of sllrer, it exhibits the following properties : 
It tastes harsh and reddens litmus; gives off ammonia when treated with 
potash; throws down sulphate of baryta from baryta- salts after boiling 
with nitric acid; colours ferric salts dark red; and forms a copious yellow 
precipitate with nitrate of silver [sulphocyanide of silver is white.] When 
exposed for some time to the air, it deposits a yellow powder, acquires the 
odour of hydrocyanic acid, and finally leaves deliquescent sulphocyanide of 
ammonium (Liebig, Kastn. Arch, 6, 327). — [It is true that Gay-Lussac 
Liebig found in the sulphuretted acid obtained from 1 At, fulminating 
silver, only a little more than 2 At. sulphur, although the 2 At, hydro- 
sulphocyanic acid, which 1 At. fulminating silver should according to the 
above equation produce, must contain 4 At. sulphur; but as part of the 
cyanic acid formed at the commencement is always converted into car- 
bonate of ammonia, it is not possible that 2 At. hydrosulphocyanic should 
be product.] 

3. Aqueous solutions of alkaline sulphides, e, g. protosulphide of 
barium, acting in insufficient quantity, decompose cyanide of silver, 
yielding fulminate of silver and the alkali-metal, and sulphide of silver 
(Liebig): 


X 2 


+ BaS = CWAgBaO^ + AgS. 
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WitL a larger proportion of the metallic sulphide, an alkaline fulminate 
(C^N^K^O^) appears to be formed at ordinary temperatures, and with the 
aid of heat, a compound of the alkali with a sulphuretted acid different 
from hydrosulphocyanic acid. — If fulminating silver be treated with 
exactly so much aqueous protosulphide of potassium (or of ammonium), 
that the liquid shall neither be clouded by hydrochloric acid nor blackened 
by nitrate of silver, the liquid filtered from the sulphide of silver is found 
to be perfectly neutral, tastes exactly like cyanate of potash, and when 
added to a solution of nitrate of silver, forms a precipitate of fulminating 
silver, which, if the liquid still contains sulphide of potassium, is black- 
ened by admixture of sulphide of silver. On evaporating the filtrate, 
the fdkaline fulminate is decomposed (Liebig, Pogg, 15, 566). — If to 
fulminating silver suspended in boiling water, aqueous protosulphide of 
barium be added as long as sulphide of silver continues to form, a yellow 
alkaline filtrate is obtained, from which, however, carbonic acid throws 
down only a very small quantity of carbonate of baryta. This yellow 
barytic filtrate does not give ofif sulphuretted hydrogen when treated with 
acids. When evaporated, it leaves a yellow residue, which at 100°, as 
soon as the last trace of moisture is expelled, changes to a grey mass, 
from which lime eliminates ammonia, and water extracts sulphocyanide 
of barium, leaving a residue of carbonate of baryta; the grey mass 
heated in a tube, melts, gives ofif carbonate of ammonia which sublimes, 
then cyanogen, and leaves sulphide of barium. Dilute sulphuric acid 
separates from the undecompoaed baryta-salt, an easily decomposible acid. 
— With nitrate of silver, the recently prepared yellow barytic filtrate 
forms a yellow precipitate, which when washed and then heated with 
water to 100^, gives off carbonate of ammonia, and is converted into 
sulphide of silver (Liebig, Kastn, Arch. 6, 330). 

10. Aqueous solutions of the fixed alkalis, as also magnesia, boiled 
with fulminating silver, gradually separate not quite half the silver, as a 
black oxide; a solution of fulminate of silver and potassium, sodium, 
barium, strontium, calcium, or magnesium being at the same time formed 
(Gay Lussac & Liebig) : 

C^N^Ag^O^ + KO = CWAgKO^ + AgO. 

100 pts. of fulminating silver, boiled even for a considerable time with 
excess of potash, do not yield more than 31*45 pts. of oxide of silver 
(Liebig). Calculation requires 88-67 pts. — 300 ; 116 = 100 : 38*67. 
Hence part of the fulminating silver appears to remain undecomposed. 

11. Aqueous solutions of the alkaline chlorides, even when added in 
excess, precipitate only half the silver in the form of chloride, and form 
fulminate of silver and potassium, <fcc, (Gay-Lussac ^ Liebig) : 

C^N^Ag^O^ + KCl - C-^NSAgKO^ + AgCL 

In this manner, 100 pts. of fulminating silver decomposed by a slight 
excess of chloride of potassium, yield 53*38 pts. of chloride of silver, and 
a solution which, when decomposed by hydrochloric acid, likewise yields 
53*73 pts. of chloride of silver. Hence the two atoms of silver in the 
fulminate are in different states, since only one of them is precipitated 
as chloride of silver by metallic chlorides (Gay-Lussac & Liebig). 

12. Copper or mercury boiled with fulminating silver and water 
ultimately separates all the silver in the metallic state, forming fulminate 
of copper or fuiminate of mercury (Liebig). — When the boiling with 
mercury is continued for a short time only, fulminate of silver and 
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mercury is formed = C^N’^AgHgO^ (Liebig). — Zinc, even wben boiled 
for several days with fulminating silver, separates only half the silver, so 
that fulminate of silver and zinc is formed (Liebig, Schw, 48, 308). — 
When fulminating silver is boiled with water and iron filings, a red- 
brown filtrate is obtained, which when evaporated, yields reddish, lami- 
nated crystals of fulminate of iron (Liebig, Ann. Ghim. Phys. 24, 308). 

Oomhinations. Fulminating silver is very sparingly soluble in cold 
Water, but dissolves in 36 pts. of boiling water, from which it separates 
again on cooling (Gay-Liissnc & Liebig). — It dissolves more abundantly 
in aqueous Ammonia, which, when evaporated at ordinary temperatures, 
leaves it unaltered (Descotils). 

Fulminate of Silver and Hydrogen, or Acid Fulminate of Silver. 
C^NXAgH = AgO,HO,Cy^O^ — Precipitated in the form of a white 
powder on mixing the aqueous solution of a fulminate of silver and an 
alkali-metal, with nitric acid not in excess: 

Cm4gK04 + HO + NOS = CWAgHO^ + KO,NO®. 

Dissolves readily in boiling water, crystallizing out on cooling ; redden 
litmus. By boiling with silver-oxide, it is converted into fulminate o 
silver, and by boiling with mercuric oxide, into fulminate of silver and 
mercury (Liebig, Ann. Chim. Phys. 24, 302). 

Fulminate of Silver and Ammonium. C^NXAgAm= NH^O,AgO,Cy’*0*. 
— From a solution of fulminate of silver in hot aqueous ammonia, this 
salt crystallizes on cooling in white, shining, crystalline grains having a 
pungent metallic taste, while argentate of ammonia remains in solution. 
Detonates with three times the force of fulminating silver, and with 
extreme facility, even under the liquid, when touched with a glass rod; 
if, however, the liquid contains excess of ammonia, the explosion does 
not extend throughout the mass. Dissolves very sparingly in water 
(Liebig, Ann. Chim. Phys. 24, 316). 

Fulminate of Silver and Potassium. C^NXAgK=:K0,Ag0,Cy®0^. — 
300 pts. (1 At.) fulminating silver are decomposed by not quite 74*6 pts. 
(1 At.) chloride of potassium dissolved in water, — or water in which 
fulminating silver is suspended is kept in a state of ebullition, and 
aqueous chloride of potassium added as long as it occasions turbidity, but 
no longer ; the liquid is then decanted from the chloride of silver, and 
cooled till it crystallizes. If it be filtered, instead of being decanted, a 
brownish liquid is obtained which yields brownish crystals; but if it be 
boiled for some time after dilution with water, it loses its colour, deposits 
black flakes, and when decanted from these, yields colourless crystals. 
The compound is obtained less pure by boiling fulminating silver with 
aqueous potash, and decanting from the precipitated oxide of silver. 

White, shining, somewhat elongated laminm, which have a repulsive 
metallic taste, and do not blue reddened litmus-paper. Detonates very 
easily and with great violence. Contains 14*92 p.c. potash [=12*39 p.c. 
potassium]. Dissolves in 8 pts. of boiling, and in a larger quantity of 
cold water. Nitric acid added, ifept in excess, to the aqueous solution, 
throws down a white powder, consisting of fulminate of silver and 
hydrogen. Hydrochloric acid added to the solution mixed with potash, 
throws down a precipitate, which continues to redissolve in the liquid till 
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all tlie potassium ie converted into cliloride ; any further quantity of the 
acid throws down chloride of silver, with simultaneous formation of 
hydrocyanic acid, carbonic acid, and sal-ammoniac. Chloride of potas- 
sium does not decompose this salt. Copper immersed in the aqueous 
solution, throws down all the silver, by forming fulminate of copper and 
potassium. The solution does not precipitate ferric sulphate, or yield 
Prussian blue on subsequent addition of hydrochloric acid (Liebig, Ann. 
Ckim. Fhys, 24, 315). 

Fnlminate of Siher and Sodium. — Prepared by a similar process. 
Small, red-brown, metal-shining laminae, containing 11*34 p.c. soda 
[=8*43 p.c. sodium], more soluble in water than the potash-salt, but 
otherwise exhibiting similar reactions (Liebig, Ann. Chim. Fhys. 
24,316). 

Fulminate of Silver and Barium. — Dingy white crystalline grains, 
which detonate with violence, dissolve sparingly in water, and are decom- 
posed by hydrochloric acid, the compound dried at 100° then yielding 
41*35 p.c. chloride of barium. Zinc immersed in the boiling aqueous 
solution throws down silver; the filtrate deposits on evaporation a yellow 
powder, which between 150° and 160° burns away without detonation, 
like cyanate of silver, leaving carbonate of baryta mixed with zinc, and 
when treated with hydrochloric acid, yields sal-ammoniac with efier- 
vescence, and cannot therefore be a fulminate (Liebig, Ann. Chim. Fhys. 
24, 315; Schw. 48, 380; Gay-Lussac & Liebig, Ann. Ohim. Phys. 25, 302). 

Fulminate of Silver and Strontium. — Dingy white crystalline 
grains, which detonate with violence, and are sparingly soluble in water 
(Liebig). 

Fulminate of Silver and Calcium. — Small yellow crystalline grains, 
of high specific gravity, and dissolving readily even in cold water 
(Liebig). 

Fulminate of Silver and Magnesium. — a. Basic. — Obtained by 
boiling fulminating silver with magnesia and water. Kose-coloured 
powder, insoluble in water, which merely decrepitates when heated, 
giving off carbonic acid and ammonia, and leaving a residue of magnesia 
and silver. — h. Neutral. — White, thread-like crystals, resembling 
capillary native silver, and detonating strongly (Liebig). 

Fulminate of Silver and Zinc. — By boiling fulminating silver with 
zinc and water — whereby only half the silver is precipitated, even after 
long-continued ebullition — and evaporating the yellow filtrate, yellow 
detonating crystals are obtained, together with a yellow non- detonating 
powder (Liebig, Ann. Chim. Fhys, 24, 308; — Schw. 48, 380). 

Fulminate of Silver and Mercury^ or Argento-mercuric Fulminate. — 
Formed by boiling fulminate of silver and hydrogen with mercuric oxide 
and water, or by boiling fulminating silver for not too long a time with 
mercury and water. From the filtrate the compound crystallizes in small 
shining needles (Liebig, Ann. Chim. Fhys. 24, 305). 

ZincoHiuric Fulminate ? Fulminate of zinc and barium, added to a 
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dilute solution of normal tercliloride of gold, throws down a brown, 
explosive compound, which dissolves even at ordinary temperatures, in 
ammonia, hydrochloric acid, and oil of vitriol ; from the last-mentioned 
solution, water throws down a dark purple-red powder. — The liquid, 
filtered from the brown powder, yields by evaporation, yellow six-sided 
prisms, which explode and leave a residue of metallic gold, are insoluble 
in water and in hydrochloric acid, but dissolve in aqua-regia (E. Davy, 
Berz, Jahresher. 12, 128). 

Zinco-'platinic Fulminate ^ — Fulminate of zinc and barium forms 
with platinic sulphate a brown precipitate, which, in addition to sulphate 
of baryta, contains platinum and fulminic acid, and when heated, does 
not explode, but merely deflagrates. — The liquid, filtered from the 
brown precipitate, yields on evaporation the pure compound in small 
yellow-brown prisms, which detonate with violence (E. Davy). 

Zinco-palladious Fulminated — Fulminate of zinc forms, with nitrate 
of palladium, a dark-brown precipitate, which is olive-brown when dry, 
detonates, and is insoluble in water (E. Davy). 


Conjugated Compounds of the N itrogen-nuclei, 

Trigenic Acid. C8N3ffO^=CWAdH^OM 

Liebig & Wohler (1846). Ann. Pharm. 59, 296. 

Formation. By the action of cyanic acid vapour on anhydrous alde- 
hyde (VIII, 279). 

Preparation. When cyanic acid vapour, produced by heating 
cyanuric acid, is passed into a few grammes of dry aldehyde contained 
in a vessel surrounded by cold water, the liquid becomes heated, effer- 
vesces violently from escape of carbonic acid, and fills the vessel with a 
froth, which ultimately solidifies in a tumid mass. With larger quan- 
tities of aldehyde, the frothing becomes too violent. — A better plan is 
to cool the aldehyde with ice, and leave it, after saturation with cyanic 
acid vapour, which then takes place quite quietly, in a moderately warm 
place; the effervescence then begins, and continues, like a kind of fermen- 
tation, for hours and days, till there remains either a tough half-solidified 
mass, or a yellowish syrup in which crystalline crusts gradually form. — 
The mass thus obtained, which likewise contains cyamelide, aldehyde- 
ammonia, and perhaps other secondary products, is dissolved in moderately 
strong hydrochloric acid, boiled as long as it gives off aldehyde-vapour, 
and filtered hot. When the filtrate is left to stand for some days in the 
cold, the greater part of the trigenic acid crystallizes out ; the mother- 
liquor yields a few more crystals. The crystals are dissolved in water, 
decolorized by animal charcoal, and recrystallized. 

Small white needles, generally in stellate groups, and having a slightly 
acid taste and reaction. 
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Crystals, Liebig & Wohler. 

8 C 48 .... 37*21 38*15 

3N 42 .... 32*56 31*24 

7 H 7 .... 5*42 5*94 

4 O 32 .... 24*81 24*67 

CWHW 129 .... 100*00 100*00 

Decompositions, The acid wLen heated, melts, with decomposition 
and carbonization; gives off alkaline vapours smelling strongly of chino- 
line; and yields by dry distillation, first an alkaline, sharp-tasting distil- 
late which smells like chinoline, and afterwards vapours off cyanic acid. 
The distillate solidifies in a yellowish white mass, and when distilled with 
potash, yields oily chinoline, while cyanuric acid remains in combination 
with the potash. 

Combinations. The acid dissolves sparingly in Water. 

Trigenate of Silver, The clear mixture of trigenic acid and neutral 
nitrate of silver, gradually mixed with dilute ammonia, deposits trigenate 
of silver in the form of a white powder, which appears by microscopical 
examination to be composed of globular crystals ; assumes a violet colour 
when exposed to light; between 120° and 130° gives off water, and 
turns light brown; and at 160°, melts, blackens, and gives off a thick 
vapour smelling of chinoline. 

Dried at 116°. Liebig & Wbhler. 


AgO 116 ... 49*15 ... 48*47 

8 C 48 .. 20*34 

3 N 42 .... 17*80 

6 H 6 .. . 2*54 

3 O 24 .... 1017 

CWH<5AgO^ 236 .. 100*00 


Trigenic acid is nearly insoluble in alcohol (Liebig & Wohler). 


Thialdine. 

Wohler & Liebig (1847). Ann. Fharm. 61, 1, 

Formation and Preparation, Sulphuretted hydrogen is slowly passed 
lor 4 or 5 hours through a solution of aldehyde-ammonia in 12 to 16 pts. 
of water, to which aqueous ammonia has been previously added in the 
proportion of 10 to 15 drops to the ounce. In half an hour, the liquid 
becomes white and turbid, then gradually becomes clear, and deposits 
large crystals resembling camphor, the appearance of which indicates the 
termination of the process. The crystals are drained in a funnel, washed 
with water, dried by pressure between paper to remove hydrosulphate of 
ammonia, and dissolved in ether. The solution is then mixed with one- 
third of its bulk of alcohol, and left to evaporate in the air; and as soon 
as the crystals which form are no longer covered by the mother-liquor, 
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this liquid is decanted and evaporated, whereby it yields a further crop 
of yellowish crystals, and ultimately contains nothing but hydrosulphate 
of ammonia: 

3(NH3,C^H'^02) + 6HS ^ + 2NH4S + HO. 

Sometimes, during the passage of the sulphuretted hydrogen, there sepa- 
rates, instead of the crystals, a heavy, colourless, stinking oily mixture 
of thialdine with a peculiar liquid. To separate the thialdine from this 
mixture, the greater part of the watery liquid is decanted; the oil shaken 
up with half its bulk of ether, which immediately dissolves it; the solu- 
tion decanted from the remaining watery liquid, and well shaken up in 
a stoppered bottle with rather strong hydrochloric acid ; the crystalline 
magma, consisting of needles of hydrochlorate of thialdine, washed on 
the filter with ether; the crystals, after drying, moistened with strong 
aqueous ammonia; and, lastly, heated with ether, which dissolves the 
liberated thialdine, and deposits it by spontaneous evaporation in the 
crystalline state. 

Properties, Transparent, colourless, shining crystals, having the form 
of gypsum, and refracting light strongly. Sp, gr. IT 91 at 18°. Melts 
at 43°, and solidifies again in the crystalline state at 42^. Evaporates in 
the air at medium temperatures without residue, and may be distilled 
without decomposition in contact with water, but decomposes when heated 
alone. Has a peculiar aromatic odour, disagreeable after a while, and is 
neutral to vegetable colours. 

Wohler & Liebig. 


12 C 

... 72 . 

.. 44T7 

.. 43-80 

N 

14 . 

.. 8*58 . 

.. . 8-50 

13 H 

13 . 

... 7*98 .... 

.... 8-04 

4S 

64 . 

.. 39-27 .... 

.... 39*14 

C13NH13S4 

163 , 

. 100-00 

.... 99-48 


SC-^H^S^NH^S (Wohler & Liebig.) ^ Gm. 

Decompositions, 1. Thialdine is resolved by dry distillation into a 
stinking oil, which partially solidifies after a while, and a dark brown 
syrupy residue containing sulphur. When distilled with hydrate of lime,, 
at a heat rising to redness, it yields chinoline. — 3. Thialdine, or either 
of its salts, heated with aqueous nitrate of silver, is resolved into alde- 
hyde which volatilizes, sulphide of silver which precipitates, and acid 
nitrate of ammonia which remains in solution; 

+ 4(AgO,NO0 + 2HO = + 4AgS + NH^ + 4NOS. 

4. An alcoholic solution of thialdine forms a white precipitate after a few 
minutes, with neutral acetate of lead, then a yellow, and lastly a black 
precipitate; with corrosive sublimate, first white, then yellow; with 
bichloride of platinum, dirty yellow after a while. — 5. Thialdine forms* 
with aqueous cyanide of mercury, a white precipitate, which by boiling 
is converted into sulphide of mercury; at the same time, white delicate 
needles sublime in the retort, very volatile, insoluble in water, but soluble 
in alcohol and ether; they probably consist of thialdine in which the 
sulphur is replaced by cyanogen. 
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IT 6. Thialdine heated in a sealed tube with water and oxide of silver, 
is converted into leucine: 

CisNH^S" H- 4AgO = 4AgS + C'SNHiW. 

Hydrated oxide of lead effects the same transformation tut it is not so well 
adapted for the purpose, partly because it has a great tendency to combine with leucine, 
and partly because it is almost always contaminated with potash (A. Gdssmann, 
Am. Pharm. 90, 184)* U 

Comhmations. Thialdine is very sparingly soluble in Water, — It 
dissolves in Acids, forming white crystallizable salts. 

HydroMorate of Thialdine. — Hydrochloric acid saturated with 
thialdine, still retains its acid reaction. — If the thialdine was contami- 
Bated with the foreign body already mentioned, that substance exhibits 
its odour more strongly in the hydrochloric acid solution, hut may be 
immediately removed by agitation with ether, — The solution, when 
evaporated in the air, or concentrated in the water-bath, and then cooled, 
yields transparent, colourless, highly lustrous prisms, often an inch long. 
These crystals turn brown when heated, but without melting, and yield 
a sublimate of sal-ammoniac, together with a gas which has a very offen- 
sive odour, and burns with a smoky flame. They dissolve in water 
much more readily than in alcohol, especially when heated, and are 
insoluble in ether. 

Crystals. Wbbler & Liebig. 


12 C 

. 72-0 

. 36-11 

35-35 

N 

. 14*0 

.... 7*02 

6-79 

14 H 

14-0 

.... 7-02 

6-92 

4 S 

. 64-0 

.... 32-10 

31-97 

Cl 

.. 35-4 

... 17-75 

17-47 

C12nhi3S^HC1 .. 

.. 199-4 

.... 100-00 

98-50 


Nitrate of Thialdine, — Dilute nitric acid is saturated with pure 
thiahline, and the solution evaporated and cooled; or the ethereal solu- 
tion of impure thialdine is converted, by addition of nitric acid, into a 
crystalline magma, which is washed with ether, dissolved in water, and 
crystallized. — White delicate needles, which melt and decompose when 
heated. They dissolve in water more readily than the hydrochlorate, 
are more soluble in hot than in cold alcohol, and insoluble in ether. 

Crystals. Wbbler & Liebig, 


12 C 

72 .. 

31-86 .... 

.... 31-75 

2N 

28 ... 

12-39 


14 H 

14 ... 

6-19 .... 

.... 6-36 

4S 

64 .... 

28-32 .... 

.... 28*40 

6 0 

48 .... 

21-24 



226 .... 100-00 


Thialdine dissolves readily in Alcohol, and still more readily in Ether 
its powder deliquesces when exposed to air containing ether-vapour 
(Wohler & Liebig). 
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Selenaldine. ? 

Wohler & Liebig (1847). Ann, Fharm, 61, 11. 

Formed by passing tbrougb a moderately saturated aqueous solution 
of aldebyde-ammonia, first hydrogen gas to expel the air from the appa- 
ratus, and then seleniuretted hydrogen evolved from selenide of iron and 
dilute sulphuric acid. The unabsorbed portion of this gas is condensed in a 
Liebig^s bulb -apparatus filled with potash. As soon as the liquid, after pre- 
viously becoming turbid, has deposited crystals of selenaldine, the excess 
of seleniuretted hydrogen is driven out of the apparatus by a stream of 
pure hydrogen; the mother-liquor above the crystals, which contains 
hydroseleniate of ammonia, and would deposit selenium on exposure to 
the air, is displaced by a stream of cold de-aerated water; and the 
crystals collected on a filter, pressed between paper, and dried over oil of 
vitriol. 

Small, colourless crystals, probably isomorphous with those of thial- 
dine, and having a faint disagreeable taste. 

Selenaldine decomposes readily when heated, giving off a very stink- 
ing gas. When boiled with water, it evolves a very stinking substance, 
and deposits a yellow powder. Its solution in water, alcohol, or ether, 
when exposed to the air, deposits, apparently with formation of aldehyde- 
ammonia, an orange-yellow, amorphous powder; and this powder, when 
immersed in boiling water, melts into a mass which remains soft for a 
long time, chars when heated, yielding an extremely stinking selenife- 
rous oil, and is insoluble both in alcohol and ether. 

Selenaldine is sparingly soluble in Water. — It dissolves readily in 
dilute Hydrochloric acid, forming a liquid from which it is precipitated by 
ammonia, and which [on exposure to the air f\ likewise quickly deposits a 
yellow powder, and gives off a very ofiensive gas. — It dissolves readily 
in alcohol and ether; but does not crystallize therefrom by evaporation 
in vacuo over oil of vitriol, but is decomposed and partially volatilized 
thereby, so that the oil takes up ammonia, and the yellow powder 
remains behind (Wohler & Liebig). 


h. Arsidogen-nuclei, 
a. Arsidogen-nucleus. C^ArH®. 

E. Bunsen. Fogg. 40, 219; — 42, 145. — Ann Fharm. 87, 1; 42, 14;. 
46, 1. 

The term Arsidogm = Ar, is applied, as proposed by Laurent, to the 
group ArH^, just as Amidogen = Ad = NH^. 

Cadet discovered in 1760, that by distilling acetate of potash with a® 
equal weight of arsenious acid, there is obtained, besides metallic arsenic 
and arseniferous acetic acid, a heavy brown-red liquid which takes fire on 
exposure to the air at ordinary temperatures {Oadet^s fuming armmaZ 
liquid), — This experiment was confirmed by Durande {Mormm Anfangi^ 
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grunde d, theor. u. prahi. QMm. 3, 39). Th§nard examined tins liquid, 
wMcli is in the main the same as Bunsen’s alkarsin or oxide of cacodyl. 
But it was reserved for Bunsen’s exact and laborious researches to dis- 
cover not only the composition of this liquid, but also a large number of 
allied compounds, constituting the cacodyl-series, wliicli he regarded as 
derived from a metalloidal radical, Cacodyl = C^AsH®. On the other 
hand, Laurent {Re'i). scient. 14, 327), Dumas (i\^. Ann, Gldm. Pkgs. 8, 
362), and Gerhardt {Precis, 1, 389; 2, 445) regard these compounds as 
belonging to the ethylene-series, and assume as the nucleus from which 
they are derived, the compound C^AsH® = C^ArH^, analogous to ethylene, 
inasmuch as the cacodyl-compounds are formed from a substance be- 
longing to the ethylene- series, viz. acetic acid; and cacodyl, when distilled 
with oil of vitriol, appears to yield sulphovinate of wine- oil. 


Arethase. C‘AsH‘=C‘ArH’. 

Bujssex. Ann, Fharm. 4*2, 18. 

Vmars (Gm.). 

Preparation. By treating chloride of cacodyl, C^AsH^Cl, with 
alcoholic potash, chloride of potassium is obtained, together with a liquid 
which is not miscible with strong potash, and may be freed, by repeated 
treatment with potash and fractional distillation, from the greater part of 
the alcohol, which is less volatile: 

C^AsH^Cl + KO = C-^AsH^ 4- KCl + HO- 

Properties. Thin, transparent, colourless liquid, almost as volatile as 
vinic ether, and having a repulsive ethereal odour, like that of alkarsin. 

Combinations, Mixes in all proportions with Water and Alcohol 
(Bunsen). 


Cacodyl. C^AsH«=C«ArH®,H. 

Bunsen. Ann. Pharm. 42, 25. 

Formaiion. May be separated from chloride of cacodyl by zinc, tin, 
or iron, at 90° to 100^", or from sulphide or bromide of cacodyl by mercury 
at 200° to 300°: 

C^AsH^Cl -h Zn = C-^AsH6 + ZnCL 

It is also formed, together with the allied compounds, arsen trimethyl 
(C”H3}SAs, and arsenmethylium (CWj^As, by the action of iodide of 
methyl on arsenide of sodium (Cahours & Eiche, Compt, rend. 39, 542; 
see also page 351 of this volume), ^ 

Preparation. Pure zinc and pure chloride of cacodyl are heated 
together to 100° for three hours, in a perfectly closed vessel; the resulting 
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chloride of ssiiio remov'ed by water; and the cacodyl, which sinks to the 
bottom in the form of an oil, dehydrated by chloride of calcium. 

The details of this operation, which is rendered very difficult by the 
strong tendency of cacodyl to take fire in the air, are as follows: To 
obtain chloride of cacodyl perfectly free from alkarsin (p. 320), the alkarsin 
is digested three times with strong hydrochloric acid, till the resulting 
chloride of cacodyl no longer emits the slightest fume on exposure to the 
air. It is then digested for several days with a mixture of chloride of 
calcium and lime, to free it completely from water and hydrochloric acid. 
For this purpose, a glass tube having a bulb in the middle and placed in a 
vertical position, is bent upwards at an acute angle at the lower part, and 
again vertically downwards at the same acute angle; the bulb contains 
a mixture of lime and chloride of calcium. Through the upper end of 
this apparatus (1), dry carbonic acid gas is passed to expel the air; the 
lower end dipped into the chloride of cacodyl below the hydrochloric 
acid; the chloride of cacodyl drawn up into the apparatus by means of a 
hand -pump attached by a caoutchouc tube to the upper end; and lastly, 
the two ends sealed, and the apparatus set aside for some days. — To 
decompose the cacodyl thus purified, with zinc, the following apparatus 
(2) is used: A glass tube passes for a short distance obliquely upwards; 
is then bent at an acute angle vertically downwards; then at the same 
acute angle obliquely upwards; and in the middle of this arm, is blown 
into a bulb; it then passes at the same acute angle, but for a greater 
length, vertically downwards, and is in this part again blown into a bulb; 
lastly, it is bent at short distances and at acute angles, first obliquely 
upwards, then vertically downwards. The upper bulb of this apparatus 
is filled with thin zinc-foil, which has been treated with dilute sulphuric 
acid, then washed with water, dried, and cut up into spiral slips; the 
apparatus carefully filled with dry carbonic acid gas; the chloride of 
cacodyl sucked into the upper bulb; both ends of the tube sealed; and 
the apparatus heated for three hours in the water-bath. The zinc 
dissolves without evolution of gas, the liquid becoming somewhat darker. 
The liquid, as it cools to + 50°, deposits large cubical crystals, probably 
a compound of chloride of zinc with chloride of cacodyl, which disappear 
again on heating the liquid. Ultimately, when the chlorine is completely 
removed, the contents of the bulb appear at 100° as a dry white mass, 
which melts again to an oil between 110^ and 126^ The lower end of 
the still hot apparatus is now dipped into water which has been tho- 
roughly boiled and cooled ; then broken off, so that the water may enter 
as the apparatus cools; then sealed, and the whole inclined so that the 
water may run from the lower bulb into the upper, where, after digestion 
for some time, it dissolves the chloride of zinc, leaving the cacodyl in the 
form of an oil, together with the excess of zinc. The cacodyl is then dried 
in apparatus (1), again drawn into apparatus (2), and again digested 
with pure zinc, by which operation however only a small quantity of 
chloride of zinc is now formed. The cacodyl is then distilled from the 
upper bulb into the lower; the transparent, colourless distillate cooled to 
— 6°, till two-thirds have crystallized out; and the portion which still 
remains fluid poured back into the upper bulb, again digested with zinc, 
again distilled, and so on three times more. By this series of operations, 
pure cacodyl is at length obtained in the lower bulb. 

Properties. Crystallizes at — 6’' in large shining square prisms. 
At ordinary temperatures, it forms a thin, transparent, colourless, strongly 
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refracting oil, lieavier than water. Boils near 170°. Vapour-density = 
7*‘J01, Has the odour of alkarsin. 

Bunsen, VoL Density. 

4 C 24 .... 22-86 .... 22-27 C-vapour 4 .... 1*6640 

As 75 .... 71-48 .... 71*15 As-vapour i .... 5-1998 

6H 6 .... 5*71 .... 5*40 H-gas 6 .... 0*4158 

C^ArH^H.... 105 .... 100-00 .... 98*82 Cacodyl-vapour.... 1 .... 7*2796* 

Bunsen, adopting the radical-theory, regards cacodyl as a metalloidal radical, 
corresponding to ethyl, and other radicals assumed by this theory but hitherto 

unisolated [this was written before the isolation of ethyl, methyl, &c]; and the isolation 
of cacodyl, in addition to that of cyanogen, and perha})s of mellone, is looked upon as a 
great support of the radical -theory. It is however remarkable that cacodyl boils at 170°, 
whereas alkarsin, its compound with 1 At. oxygen, boils at 150°, though in other cases 
the boiling point of organic compounds is raised by addition of oxygen. Cacodyl 
might therefore be regarded as a conjugated compound = C^As2H^2_Q4^j.H^,C'^ArH3,H‘^. 
— Bunsen denotes cacodyl by the symbol Kd. Berzelius {Jahresber. 24, 641) uses the 
symbol Kk. The latter regards cacodyl as a compound of acetyl with arseniui*etted 
hydrogen == C'^H^AsH^, and consequently all compounds of the cacodyl-senes as 
compounds of arseniuretted hydrogen with acetyl and its compounds. — ^ Cacodyl may 
also be regarded as a compound of 1 At. arsenic with 2 At. methyl = (C2H^)”As ; 
accordingly Frankland ( CAem. Soc. Qu. J. VI, 71) calls it Bimethide of arsenic. This 
view of its constitution is supported by the fact of its formation, together with the 
compounds (C2H^)^As and (C2H''*)'^As, by the action of iodide of methyl on arsenide of 
sodium (p. 351), just as arsenbiethyl and the other arsenethyls are obtained by the 
action of iodide of ethyl on arsenide of sodium.* ^ 

Decompositions. 1. Cacodyl heated in a bent tube closed at top, to 
a temperature somewhat above the boiling point of mercury, is resolved, 
without deposition of carbon, into arsenic and a mixture of 2 vol. marsh- 
gas and 1 vol, olefiant gas: 

2C%sH6 = 2Cm* + C'^N^ + 2As. 

The gaseous mixture contains also a small quantity of cacodyl vapour, 
whence it burns with a coloured luminous flame, depositing a small 
quantity of arsenic, and when mixed with chlorine over water, takes fire 
and burns with a fiery red light, and deposition of charcoal. Oil- of 
vitriol abstracts the olefiant gas and cacodyl vapour from the mixture, 
leaving the marsh-gas. 6 vol. of the gaseous mixture exploded with oxygen 
consume 14 vol. oxygen and produce 8 vol. carbonic acid gas. [4 vol. 
marsh-gas consume 8 vol . oxygen and produce 4 vol. carbonic acid gas; 
2 vol. olefiant gas consume 6 yol. oxygen and produce 4 vol. carbonic aci(l 
=4-1-2 : 8 + 6 : 4 + 4.] — 2. When cacodyl is distilled with dry chlo- 
ride of zinc, liquids of various boiling point pass over, apparently 
consisting of mixtures of a hydrocarbon, undecomposed cacodyl, and a 
peculiar arsenic-compound. — When zinc is digested with chloride of 
cacodyl in apparatus (2), p. 317, till it is completely converted into a 
white crystalline mass, and this mass quickly heated in the oil-bath, a 
colourless liquid passes over from 200° to 260^", without any evolution of 
gas. If this liquid be drawn up into another apparatus (2); there freed 

* According to Gmelin^s arrangement, arsenbiethyl should be placed in the 
8-carbon series, and regarded as C®ArH7,H; and similarly Landoit's arsentriethyl, 
C^H^^As, might he regarded as 0-(AsH3)HibH ; and arsenethyliura, C^^HSOAs, as 
C^®(AsH-*)H’^^,H, the former of these two compounds containing AsH^, analogous to 
ammonia, and the latter containing AsH^*, analogous to ammonium. As however there 
can be but little doubt that these compounds really belong to the ethyl -series, being in fact 
produced from iodide of ethyl, it has been thought best to place them in that series. [W.] 
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from tlie remaining chlorine by longer digestion with zinc; then dis- 
tilled in the oil-bath, first at 90° to lOO"^,, then at 100° to 170°, and 
lastly at 170° to 200°; and each of these three distillates collected apart, 
by drawing up the residue left after the first distillate into a fresh 
apparatus, there continuing the distillation to 170°, and heating the 
residue to 200° in a fresh apparatus (2): all the three distillates thus 
obtained are transparent, colourless and mobile. The first remains 
liquid at —18^; has a peculiar odour; contains but a small quantity of 
cacodyl; and scarcely takes fire in the air. The second and third distil- 
late yield at —8°, large prisms of cacodyl, and take fire very readily on 
exposure to the air. These distillates have the following constitution : 

From 90° to 100°. From 100° to 170°. From 170° to 200°. 

28*95 . 26*31 19*88 

64*31 .. 67*15 ... . 75*53 

7*26 6*46 4*82 


100*52 99*92 100*23 

3. Cacodyl takes fire in the air at ordinary temperatures even more 
readily than alkarsin. Its combustion yields carbonic acid, arsenious 
acid, and water; if the quantity of air present be not sufficient for 
complete combustion, erythrarsin is immediately deposited, together 
with a black crust of arsenic having a very offensive odour. When 
an attempt is made to pour out a drop of this liquid, it takes fire 
even before it separates from the lip of the bottle; a thread of glass 
moistened with cacodyl takes fire immediately on exposure to the air. — 
With scanty access of air, cacodyl emits white fumes, and is converted, 
according to the quantity of oxygen present, partly into alkarsin, partly 
into cacodylic acid. From the alkarsin thus obtained, chloride of cacodyl, 
&c. may be reproduced by the action of hydrogen-acids, and from this 
again the cacodyl itself. 

4. In chlorine gas, cacodyl takes fire at ordinary temperatures, 
burning with a red flame and depositing charcoal. By chlorine- water, it 
is instantly converted into chloride of cacodyl. 

5. By dissolving a comparatively small quantity of sulphur, it is 
converted into protosulphide of cacodyl, C^AsH®S; and by taking up a 
larger quantity, into the persulphide, C^AsH®S®, which separates from 
ether in large crystals. 

6. By solution in nitric acid, it is converted into alkarsin, and with 
the aid of heat, into cacodylic acid.] 

7. It dissolves in fuming sulphuric acid without blackening, hut even 
at ordinary temperatures eliminates a large quantity of sulphurous acid 
gas, and afterwards yields by distillation, a substance having a pleasant 
ethereal odour, and apparently consisting of siilphovinate of wine-oil. 

8. By digestion with hydrochloric acid and zinc, it yields a number 
of products, among which is erythrarsin. It likewise appears to yield 
this body when treated with phosphorous acid, protochloride of tin, and 
other powerful reducing agents (Bunsen). 

IT Cacodyl mixed with iodide of methyl yields iodide of arsenmdhy^ 
Hum, Me^As,!, and iodide of cacodyl: 

2C^H®As + 2C2H3I = (C2H3)4 AsI + 

Similarly with iodide of ethyl, it yields iodide of ar&enmdhyldhyliwm 
(C“H®)^(C^H®)^AsI, and iodide of cacodyl; and with iodide of amyl. 


C 

As 

H 
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iodide of aTsenmethylaMylium and iodide of cacodyl. 

In tlic^ao two latter cases, however, the action does not take place without 
the aid of heat (Cahours k Riche, Compt, rend, 39, 543; see also pages 
351, 325 of this volume). IT 


Oxide of Cacodyl or Alkarsin. C^AsH®0=C^ArH®,H0. 

Cadet. Mem, de Math, et Phys, present, des Scamns itrang. 3, 633; 

also Orell, JSfeust. chem. Arch, 1, 212. 

Tiienaed. Ann, Ohim, 52, 54; also BuU, philom, Ar. 86, 202; also 

A, Gehl, 4, 292. 

Bunsen. Fogg, 40, 219; — 42, 145. — Ann. Fharm, 37, 6; 42, 19. 
Dumas. Ann, Fharm. 27, 1 48. — Af, Ann. Ohim, Phys. 8, 362. 

o/eoammcaZ (Th^nard). [Lanavinars ]. — For the history, see pp. 315, 316. 

Formation, By heating acetate of potash aud various other acetates 
with an equal weight of arsenious acid. — [If the numerous other pro- 
ducts, formed at the same time, may be regarded, not as essential, but as 
perhaps produced by an excess of arsenious acid and too much heat, the 
equation will be: 

2C^H3K04 + As03 = C^AsH'^O + 2(K0,C02) + 200-]. 

Berzelius supposes, almost in the same way, that the alkarsin is produced 
from anhydrous acetic acid, according to the following equation: 

2C^H303 H- As03 = C^AsH^O + 400^; 

and Bunsen supposes it to be produced from the acetone evolved by the 
acetate of potash, according to this equation: 

C6H602 + As03 = C^AsH^O + 2C02. 

When acetate of potash is distilled with an equal weight of arsenious 
acid, large quantities of carbonic acid, carburetted hydrogen, and arseniu- 
retted hydrogen gases are evolved; metallic arsenic sublimes; and in the 
receiver surrounded with ice and salt, two distillates condense. The 
lower pale yellow liquid, in which a few particles of arsenic float, is 
Cadet’s liquid [impure alkarsin]; the upper, which is brownish-yellow, 
watery acid, and less fuming, may be regarded as a solution of the lower 
liquid in aqueous acetic acid (Thenard). 

In this distillation, large quantities of carbonic acid and marsh-gas are 
given off, together with a little olefiant gas and much alkarsin vapour, 
.but no arseniuretted hydrogen; and the products collected in the receiver 
consist of metallic arsenic at the bottom, — above this, a brown oily 
mixture of alkarsin with small quantities of erythrarsin, acetic acid and 
arsenious acid, amounting to 30 per cent of the arsenious acid used, — 
and at top, a solution of alkarsin and arsenious acid in acetone, acetic 
acid, and water. Carbonate of potasb remains in the retort (Bunsen). 

Preparation. Acetate of potash is mixed with an equal weight of 
arsenious acid in a glass retort fitted with a well cooled receiver and 
placed in the open air; the mixture gradually heated to redness, till it 
ultimately melts from formation of carbonate of potash; and the receiver 
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removed after tlie liquid lias completely cooled, but not before, lest tbe 
liquid in the neck of the retort should take fire. The iipiier watery 
distillate is then poured off; the brown oily distillate quickly transferred 
to a flask and repeatedly shaken up with water; and the remaining 
acetic acid, arscnioiis acid, and erythrarsin removed, either by rectifying 
the oily liquid over hydrate of potash in an apparatus filled with carbonic 
acid, or better by distilling it under a stratum of deaerated water. The 
colourless rectificate is separated from the greater part of the water by 
mechanical means, and from the remainder by distillation over baryta or 
lime out of contact of air (Bunsen). — This operation may be performed 
in a glass tube bent knee-shape at an obtuse angle, having the right arm 
longer than the left, and at the extremities, bulbs terminating in fine 
necks. After the left-hand bulb has been filled with small fragments of 
baryta, this ap 2 )aratus (3) is filled with carbonic acid or hydrogen gas; 
the neck of the empty right-hand bulb sealed; this bulb heated; and the 
neck of the left-hand bulb dipped into the liquid, which then rises into 
the left-hand bulb as the right-hand bulb cools. The neck of the left- 
hand bulb is then likewise sealed; and the distillation efiected by cax-efully 
heating the left hand bulb with a spirit-lamp, while the right arm of the 
tube and its bulb are kept cool with cold water. (If the heat be too 
powerful or too long continued, permanent gases ai*e evolved which 
burst the apparatus, producing a flame several feet high, which covers 
the surrounding objects with a black film of stinking arsenic). Finally, 
the distillate is twice poured back from the right to the left hand bulb, 
and twice redistilled. — The transference of the pure alkarsin thus 
obtained in the right hand bulb, into other smaller bulbs, is performed in 
an atmosphere of carbonic acid, so as completely to exclude the air. The 
neck of the left-hand bulb is first opened, so that the air which enters 
may be completely deprived of oxygen by the remaining liquid; the right 
arm of the tube theu scratched and broken off ; and through this, the 
long necks of the bulbs which are to be filled, are inserted into the distil- 
late in the bulb, after they have been filled with carbonic acid or 
hydrogen and heated, so that the liquid may be drawn up into them 
as they cool; the necks are then sealed For further details see Pogg, 42, 147. 
Alkarsin may also be very well preserved under water in a stoppered 
bottle (Bunsen.) 

Thenard purified Cadet’s liquid by one rectification only. 

Properties, Alkarsin solidifies at —25^ in crystalline scales having a 
silky lustre. At ordinary temperatures, it is a transparent colourless 
liquid of strong refracting power. Sp gr. 1-462 at 15'", Boiling point 
about 150®. Vapour-density 7 ’5 55, Fumes strongly in the air. Has 
an intensely offensive odour which adheres to the clothes for months; 
excites a copious flow of tears, and an intolerable persistent irritation iu 
the mucous membrane of the nose. The vapour inhaled together with 
air, produces nausea and oppression of the chest, and in delicate persons 
immediate vomiting; it appears chiefly to affect the nerves, but without 
causing any permanent injury to the health. Alkarsin placed upon the 
skin, if it does not take fire, produces slight inflammation, attended with 
violent itching, which may be alleviated by plasters of ferric acetate; but 
in most cases, it takes fire almost instantly and produces dangerous burns. 
It is neutral to vegetable colours (Bunsen). — Oily; perfectly volatile; and 
when exposed to the air, emits dense white fumes having a terribly offensive arsenical 
odour and stupifying action (Thenard). 
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4 C 

24 ... 

21-24 ., 

Bunsen. 

... 21-71 . 

Dumas. 

... 22-48 

C-vapour 

Vol. 
4 . 

Density. 
... 1-6640 

As 

75 ... 

.. 66-37 

... 65-75 . 

... 69-08 

As-vapour ... 

X 

iS - 

... 5-1998 

6 H 

6 .. 

.. 5*31 . 

... 5*30 . 

... 5*66 

H-gas 

6 . 

... 0*4158 

0 

8 .. 

. 7-08 . 

... 7-24 ■ 


0-gas 


. 0-5546 

C’\\rIF,HO 

113 .. 

.. 100-00 . 

... 100-00 . 

... 97-22 

Alkarsin-vapour 1 . 

... 7-8342 


Vinic ether, in which IH of the nucleus is replaced by or Ar. — Dumas, 
from bis own analysis, regards alkarsin as C^AsH® [which would be cacodyl]. Bunsen 
also at first overlooked the 0, till Berzelius drew attention to the probability of its 
presence. 

Decompositions. When alkarsin vapour is heated, not quite to red- 
nevss, permanent gases are formed^ and arsenic and erjtlirarsin precipi- 
tated. 

2. Alkarsin exposed to the air gives off white fumes, becomes heated 
by rapid absorption of oxygen, and quickly bursts into a greyish flame, 
forming arsenioiis acid, carbonic acid, and water. A drop of it falling 
through the air takes fire before it reaches the ground. According to 
Thenaid, it takes fire in the air only when it contains pai tides of arsenic. — If the 
spontaneous inflammation of alkarsin be prevented by keeping it very 
cold, or by slowly admitting air to it through a small aperture, it is 
gradually converted, with rise of temperature, into a viscid syrup mixed 
with crystals of cacodylic acid; the syrup has the composition C^AsIFO®=: 
CkAsH®0,C^AsH®0^, and may therefore be regarded as anhydrous caco- 
dyhite of cacodyl; it dissolves without decomposition in a small cpiantity 
of water, but on the addition of a larger quantity, deposits paracacodylic 
oxide In the form of an oil, while cacodylic acid, together with a large 
quantity of paracacodylic oxide remains in solution; on distilling the 
syrup, the greater portion of the paracacodylic oxide distils over between 
120’ to 130°. The syrup scarcely undergoes any further oxidation when 
exposed to the air at ordinary temperatures; but when air or oxygen gas 
is passed through it for several days at a temperature of 60° to 70^ the 
greater portion is converted into crystallized cacodylic acid. — [According 
to Bunsen, paracacodylic oxide is isomeric with cacodylic oxide; the caco- 
dylic acid is perhaps formed in the manner represented by the 'equation; 

eAsIFO + 20 + HO = 

According to this equation, alkarsin could not form cacodylic acid by 
oxidation in perfectly dry air, unless a pxijduct containing less than 6H 
were formed at the same time. The action of dry air upon alkarsin 
requires therefore to be further examined.] — If the access of air be too 
rapid, arsenious acid is likewise formed. — Alkarsin kept under water in 
an open vessel, slowly disappears, forming compounds soluble in water 
[cacodylic acid^] (The formation of crystaK was observed by Thenard). 

3. Alkarsin instantly takes fire in chlorine gas, burning with a yellow, 
smoky flame, and forming chloride of arsenic and hydrochloric acid. But 
the resulting liquid, when diluted with water and treated with sulphuretted 
hydrogen, does not yield all the arsenic in the form of sulphide, — a proof 
that part of the arsenic is contained in it, not as chloride of arsenic, but 
still in the form of an organic compound. • — After the combustion, arsenic, 
arsenious, and acetic acid are found to have been produced (Thenard). — 

4. Bromine in contact with alkarsin produces heat nearly siififlcient to set 
the compound on fire, and precipitates brown flocks. — 5. Iodine dissolves 
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in alkarsin, forming a colourless liquid, wliicb deposits a white crystalline 
body, soluble in a larger quantity of iodine. 

6. Alkarsin explodes with fuming nitric acid, producing a large 
bright flame. By cold concentrated or hot dilute nitric acid, it is con- 
verted into cacodylic acid; the cacodylic acid is not completely decom- 
posed, even by continued heating with nitric acid in a sealed glass tube. 
— Alkarsin likewise explodes with aqua-regia (Dumas). 

7. Alkarsin reduces in the moist way the oxides of mercury, silver 
and gold, arsenic acid, and indigo [with formation of cacodylic acid?]. 
— Ignited in a combustion-tube with oxide of copper, it yields carbonic 
acid, water, arsenide of copper in small shining crystals, and small 
quantities of arsenious acid and cupric arseniate. 

8. With hydrogen-acids, alkarsin yields water, and a compound ether 
in which the oxygen of the alkarsin is replaced by the radical of the 
acid. 

9. Potassium heated with alkarsin produces a fiery explosion, whereby 
charcoal appears to be separated and arsenide of potassium formed; at 
ordinary temperatures, the potassium remains bright for a while, but is 
then slowly converted, with slight evolution of gas, into a white magma. 

10. With aqueous cyanide of mercury, alkarsin forms cyanide of 
cacodyl, the mercury being reduced, and the alkarsin partially brought to 
a state of higher oxidation (Bunsen). 

Oomhinaiions, Alkarsin dissolves very sparingly in Water, impart- 
ing to the liquid its peculiar penetrating odour. 

It dissolves Fhosjihoriis, producing an opalescent liquid. 

It dissolves abundantly in aqueous Phosphoric acid, forming a stink- 
ing, acid, uncrystallizable liquid, which when heated, is resolved into 
water, alkarsin, and a residue of phosphoric acid. 

With the aid of heat, it dissolves Sulphur in all proportions, forming 
a red liquid, from which the sulphur separates in radiating crystalson 
cooling. 

When digested with non-fnming oil oj vitriol, it forms a liquid which 
solidifies on cooling in a mass of needle-shaped crystals; these crystals, 
when purified by pressure between paper, have an extremely ofiPensive 
odour, an acid reaction, and deliquesce in the air. 

It dissolves without decomposition in cold, moderately dilute Nitric 
acid, forming a thick liquid, which, with many heavy metallic salts, yields 
peculiar and very unstable precipitates. 

It dissolves in aqueous ^tash, forming a brown liquid; 

Alkarsin with Mercuric Bromide. Probably = 2HgBr,CA\rH*^0. — 
Separates in the crystalline form on mixing [alcoholic?] mercuric bromide 
with alkarsin dissolved in a large quantity of alcohol (even with alkarsin 
which has been slowly oxidized by exposure to the air), and may be 
purified by recrystallization. — Pale yellowish- white crystalline powder 
or laminae; inodorous, hut has a disgusting metallic taste. — Fuses with- 
out decomposition when gently heated in a close vessel, and at a lii^her 
temperature, yields a sublimate of mercurous and mercuric bromide, a 
stinking distillate containing bromine, and a residue of charcoal. When 
heated in the air, it volatilizes without residue, and with partial combus- 
tion. Decomposes when its aqueous solution is boiled. Exhibits more- 
over the same reactions and the same degree of solubility in water as 
the following chlorine compound. 

Y 2 
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Allcar dn with Mercuric Chloride, 2PgCl,C^ArH^0, — A dilate alco- 
liolic solution of alkarsiri (even that which has been slowly oxidized in 
the air) mixed with dilute [alcoholic?] solution of corrosive sublimate, in 
quantity not quite sufficient to remove the odour of alkarsin, yields this 
compound in the form of a white bulky precipitate mixed with calomel. 
By pressing the precipitate between paper, boiling up in water, filtering, 
and three times crystallizing, the compound is obtained pure. If the 
mercurial solution be added in excess, so as completely to destroy the 
odour of alkarsin, the compound is decomposed by this excess and 
calomel is then often the only product. — Instead of alkarsin, cyanide of 
cacodyl or other compounds of 1 At. cacodyl with 1 At. of a salt-radical 
may be used. 

The compound separates from the aqueous solution, when quickly 
cooled, in soft, nacreous scales, and by very slow cooling, in small rhombic 
tables with angles of about 60° and 120°. Although otherwise perfectly 
inodorous, it causes, when a particle is inhaled into the nose, a most 
intolerable and persistent odour. When placed on the tongue, it excites 
a disagreeable metallic taste, and produces nausea even in the smallest 
quantity; in larger quantity, it is extremely poisonous. 


4C 

24*0 ... 

6*25 .. 

Buipsen. 
.... 6*23 

As 

75'0 ... 

19*54 . 

.... 19*25 

6 H 

6-0 ... 

]*57 .. 

. .. 1*76 

0 

8*0 ... 

2*08 .. 

3*94 

2 Hg 

200*0 ... 

52*11 . 

50-80 

2 Cl 

70*8 ... 

18*45 .. 

18-02 

2HgCl + CA\rH3,HO 

383*8 .... 

100*00 ... 

100-00 


In consequence of the difficulty of the analysis, Bunsen obtained too much oxygen; 
more recently {Ann. Pharm. 46, 40) he gives the preference to the less probable 
formula, ^ KkCl-, Hg- 0 . 

The compound is readily decomposed by heat, and when subjected to 
dry distillation, yields a sublimate of mercurous and mercuiic chloride and 
erytbrarsin, besides stinking vapours, and leaves a porous cliai’coal which 
burns away in the air without residue, diffusing an arsenical odour. The 
compound likewise suffers decomposition and volatilizes completely, when 
heated in the air. — When the aqueous solution is boiled alone, the com- 
pound is resolved (more quickly in presence of excess of corrosive 
sublimate) into chloride of cacodyl whichr volatilizes, calomel whicli is 
precipitated, and corrosive sublimate and cacodylic acid which remain in 
solution. [Probably thus: 

2(C4AsH60,2HgCl) + 2HO = C^AsHf^Cl + C^AsH^O^ + 2Hg2Cl + HCl. 

According to this equation, there should be formed, not protochloride of 
mercury, but hydrochloric acid; the latter might, however, at a boiling 
heat decompose part of the calomel into corrosive sublimate and metallic 
mercury. It is a question, therefore, whether the calomel which remains 
is mixed with mercury. At all events, Bunsen’s equation (Ann. Fharm 
37, 46): 

4(C4AsH60,2HgCl) = 3C-^AsH®Cl + SHg^Cl + 2Hga, 

s inadmissible, inasmuch as it supposes cacodylic acid to contain only 
— Acpieous hydriodic acid, in contact with alkarsin, immediately 
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forms red iodide of mercury, wliich dissolves in the excess of acid; with 
separation of yellow oily drops of iodide of cacodyl: 

[C^AsHGO,2HgCl + 3HT = + 2HgI + 2HC1 + HO. 

Bunsen gives a somewhat different equation, according to which a 
compound of 2 At. corrosive sublimate with 1 At. hydriodic acid would 
be formed]. — Hydrochloric acid decomposes the compound in a similar 
manner into chloride of cacodyl, corrosive sublimate, and water: 

C-‘AsH60,2HgCi + HCl = C"AsH«Cl -f 2HgCl + HO. 

Other hydrogen-acids behave in a similar manner. — Aqueous phos- 
phoric acid exerts scarcely any decomposing action upon alkarsin, and 
forms therewith an aqueous distillate which smells of chloride of cacodyl, 
but contains only traces of it. — Easily reducible metallic oxides, and 
likewise terchloride of gold, are reduced by this compound, with formation 
of cacodylic acid, just as by free alkarsin. — On the other hand, by distil- 
lation with phosphorous acid, calomel is separated and protochloride of 
cacodyl obtained; and similarly with tin, mercury, and other substances 
which reduce corrosive sublimate: 

2(C‘iAsH60,2HgCl) + PO^ = 2C^AsW'Cl + 2Hg2Cl + POh 
When a solution of the compound is decomposed by less than an equiva- 
lent quantity of potash, yellow mercuric oxide is precipitated, and con- 
verted by the liberated alkarsin and undecomposed corrosive sublimate, 
into calomel. On further addition of potash, the calomel is converted 
into mercurous oxide, which then raises the alkarsin to a higher state of 
oxidation, and is itself thereby reduced. — The compound dissolves in 
477 pts. water at 18°, and in 288 pts. of boiling water; it likewise dis- 
solves in cold, and more readily in hot alcohol. 

Alkarsin with I^itrate of Silver. 3C^ArH^0-l-Ag0,N0®. — When 
alkarsin is dissolved in moderately strong nitric acid, care being taken 
to avoid all rise of temperature, and the solution diluted with water and 
mixed with nitrate of silver, a copious white, granular, quickly sinking 
precipitate is formed, which must be washed by decantation with water 
free from air. — This precipitate in the pure state forms a white crystal- 
line powder, and when examined with a lens, appears to be composed of 
regular octohedrons with truncated edges and summits, and of octohedral 
segments; the crystals have an adamantine lustre. It decomposes on 
exposure to light or air, or in contact with organic bodies, assuming first 
a yellowish, then a brownish Colour. After drying over oil of vitriol, it 
does not give oft’ water or undergo any other alteration at 90°. At 1 00°, it 
explodes with fire, emitting products of decomposition having an offensive 
odour. It does not dissolve in cold nitric acid, but is rapidly oxidated 
by that acid at higher temperatures. When boiled with aqueous nitrate 
of silver, it reduces the metal in the specular form. It is decomposed 
but slowly by aqueous chloride of barium, chloride of silver and nitrate 
of baryta being formed, besides volatile cacodyl-compounds. 


12 C 

Crystallized, 
72 

.... 14*15 ... 

Bunsen. 
14*50 

3 As .. 

225 

.... 44-20 . 

45*54 

18 H .. 

18 

.... 3*53 ... 

3*57 

Ag .. 


.... 21*22 ... 

21*49 

N .. 

14 

2*75 ... 

2*89 

9 0 

72 

.... 14*15 ... 

12-01 

3C‘AsH«0 + Ag0,N05 509 

.... 100*00 ... 

100*00 
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Alkarsin mixes in all proportions with Alcohol and Ether^ and is sepa- 
‘ated from the solutions by water in its original state. 

It forms compounds with Iodide, Bromide, and Chloride of Cacodyl 


Paracacodylic Oxide, C^AsH®0=C^ArH^HO. 


Bunsen. Pogg, 42, 15. 

When air is admitted to alkarsin so slowly that no heating or inflam- 
mation takes place, the alkarsin is converted into a syrup filled with 
crystals of cacodylic acid; the absorption of oxygen becoming conti- 
nually slower. The- resulting tenacious mass, when dissolved in water 
and distilled, yields, first a watery liquid smelling of alkarsin, then 
between 120° and 130°, an oil sparingly soluble in water, which is dried 
over baryta and purified by distillation out of contact of air, — After 
the first distillation, during which the temperature should not rise so high 
as 135°, a residue is left consisting of cacodylic acid and a trifling quan- 
tity of arsenious acid, still mixed with paracacodylic oxide. The cacodylic 
acid produced by the slow oxidation of the alkarsin, probably unites with 
the rest of the alkarsin, forming a saline compound which oflTers greater 
resistance to oxidation; and during the distillation, the alkarsin separates 
again, in the form of its isomeric compound, paracacodylic oxide, from the 
cacodylic acid; it must, however, be observed that alkarsin may likewise 
be distilled from its compound with phosphoric acid, at about 130°, without 
being thereby converted into paracacodylic oxide. 

Transparent, colourless oil, which has a peculiar penetrating odour, 
boils at 120°, and does not fume in the air (Bunsen). 


4C 

24 . 

... 21-24 ... 

Bunsen. 
21-64 

As 

75 . 

... 66-37 ... 

63 03 

6 H 

6 . 

... 5-31 ... 

5-12 

0 

8 . 

... 7'08 ... 

10-21 

C%sH60 ........ 

113 . 

... 100-00 ... 

100-00 


The determination of the arsenic was attended with a slight loss. 

Paracacodylic oxide when exposed to the air, is converted very slowly, 
and without perceptible rise of temperature, into cacodylic acid. Air 
saturated with its vapour at 50° to 70°, explodes with great violence 
when set on fire. — With hydrogen-acids it behaves like alkarsin. — 
Bnt with aqueous cyanide of mercury, it does not, like alkarsin, form 
cyanide of cacodyl, but yields a brown, pulverulent precipitate, resem- 
bling paracyanogen, and smelling like dried morels. 

It dissolves sparingly in water, and behaves with other solvents, as 
well as towards protochloride of mercury, nitrate of silver, and bichloride 
of platinum, like alkarsin. 



CACODYLIC ACID. 


327 


Cacodylic Acid or Alkargen. C^AsH’O^. 

Bunsen. Togg, 22, 145. — Ann. Pliarm. 46, 2. 

Formed hy the slow oxidation of alkarsin in the air or in oxygen gas 
(pp. 318 and 322), by the oxidation of the same compound by concentrated 
or heated nitric acid, by mercuric oxide, silver-oxide or auric oxide (Ann. 
Pliarm. 37, 14)j and together with persulphide of cacodyl, when the 
protosulphide oxidizes in the air. 

Preparation. Air is brought in contact with alkarsin, so slowly, that 
no inflammation takes place; oxygen gas or air passed for several days 
through the resulting syrup contained in a tubulated retort at a tempera- 
ture of 60^ to 70°, till nearly the whole is converted into crystallized 
cacodylic acid; the greater part of the excess of paracacodylic oxide 
removed by distilling it between 130° and 140°; and the cacodylic acid freed 
from the rest of tlie paracacodylic oxide by pressure between paper, and 
two crystallizations from absolute alcohol. This process yields cacodylic 
acid pure, but in small quantity only, because the greater portion is vola- 
tilized during the passage of the oxygen gas through the heated syrup; 
at the same time the air is disagreeably infected by it. 

2. Better: Alkarsin is brought in contact with mercuric oxide under 
water; the mixture prevented from rising to a boiling heat, by cooling 
from without, or by pouring cold water into it; the liquid, as soon as it 
ceases to smell of alkarsin and has become clear, decanted from the 
reduced mercury, and — in order to decompose the mercuric oxide which 
has been formed — mixed drop by drop with alkarsin, till no more mercury 
separates out on heating the mixture, and a faint odour of alkarsin 
becomes perceptible; then evaporated; the residue dissolved in alcohol ; and 
the cacodylic acid allowed to crystallize out, and purified by recrystalli- 
zation from alcohol. By this process, 76 pts. of alkarsin treated with 
218 pts. of mercuric oxide, yield 88 pts. of cacodylic acid. [According 
to Bunsen’s formula of cacodylic acid, C^AsH'^0^ the equation is: 

C^AsH^O + 2HgO + 110 = C^AstFO^ + 2%. 

According to this equation, 113 pts. (1 At.) alkarsin treated with 216 
pts. (2 At.) mercuric oxide should yield 138 pts. (1 At.) cacodylic acid, 
= 76 (alkarsin): 145 (mercuric oxide): 92'8 (cacodylic acid). — Accord- 
ing to the formula of cacodylic acid proposed by Gerhardt {Precis^ 2, 445), 
and previously also by Laurent, viz., C^AsH^O'*', the equation is: 

C^AsH^O + 4HgO = C^AsHSO'i + 4Hg + HO. 

According to this equation, 113 pts. of alkarsin and 432 pts. of mercuric 
oxide, yield 136 pts. of cacodylic oxide = 76 : 290*5 : 91*5. — Now, 
according to Bunsen, 218 pts. of mercuric oxide are sufficient to convert 
76 pts. of alkarsin into cacodylic acid, whereas Gerhard t’s calculation 
requires 290*5 pts. of mercuric oxide to produce the same effect; the 
result is therefore very unfavourable to Gerhardt's formula of cacodylic 
acid]. 
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Properties, Tlio acid crystallizes from alcohol in large, transparent, 
colourless, oblique rliombic prisms. The form is nearly that of Fig. 106; 
i \ t :=: 9T 27' ] n : u backwards = 119'^ 5F, The crystals \Yhen heated 
to 200°, do not give off water, but emit a pungent arsenical odour, 
assume a brownish colour, and molt into an oil, which solidifies at 90*^, 
forming a radiated mass. The acid is inodorous, has a slightly sour taste 
and acid reaction, and docs not exhibit any poisonous action. — 6 grains of 
the acid injected into the stomach of a rabbit, or 7 grains into the jugular 
vein, or 4 grains into the lungs, do not appear to produce the slightest 
uneasiness. 


Calculation according to Bunsen Calculation according to Gerhardt. Bunsen. 


4 C 

.. 24 ... 

. 17*39 

4 C 

.. 24 . 

... 17*65 ... 

17*44 

As 

.. 75 .. 

. 54 35 

As 

.. 75 . 

... 55*15 . 

..... 56*27 

7 H 

.. 7 ... 

. 5*07 

5 H 

5 ., 

... 3*67 ... 

5*01 

4 0 

.. 32 . 

. 23*19 

4 0 

,. 32 

... 23*53 ... 

21*28 

C^AsHW .. 

.. 138 ... 

. 100*00 

C'lAsHSO-' ... 

. 336 .. 

... 100*00 ... 

100-00 


The quantity of arsenic found by Bunsen, agrees best with Gerhardt’s 
forniiila, the amount of hydrogen with Bunsen’s. — Bunsen assumes also 
the existence of a hypothetical anhydrous cacodylic acid, = C^AstPO®, 
which, with HO, is supposed to form the crystallized acid. According to 
Gerhardt’s formula, crystallized cacodylic acid is glacial acetic acid, in the 
nucleus of which 1 At. hydrogen is replaced by 1 At. arsidogen = Ar 
= AsH®. Simple as this hypothesis may appear, it accords but little 
with Bunsen’s exact analyses of cacodylic acid, which give more hydrogen 
than Gerhard t’s formula admits (see the following tables). On this 
hypothesis also, many of the equations become more complicated than 
when Bunsen’s is adopted; moreover, the above explained formation of 
cacodylic acid from alkarsin and mercuric oxide is altogether subversive 
of it, unless Bunsen’s statements are affected by serious numerical errors. 
Nevertheless, Bunsen’s formula, C^AsH^O^, is as unfavourable to the 
radical as to the nucleus theory. The radical theory regards cacodyl, 
C^AsH®, as analogous to ethyl, C^H^. Now C^IH+0 is oxide of ethyl, 
and C^AsH®-|-0 is oxide of cacodyl; so far the analogy holds good; but 
C^H® + 0® is (hypothetical anhydrous acetic or ethylic acid) 

4- 2HO; whereas C^AsH® 4-0®^ C^AsHW + 2HO; and yet, hypothetical 
anhydrous cacodylic acid is not C^AsH'^0^ hut C'^AsH®0^. 

Laurent (iV. Ann. Ohwi, Fhys. 22, 109) has recently admitted 
Bunsen’s formula of cacodylic acid, and compares that acid with acetate 
of ammonia, NH®,C^H^O^ supposing the ammonia NH^ to be replaced by 
arseniuretted hydrogen, AsH®. According to this hypothesis, cacodylic 
acid is an acetate of arseniuretted hydrogen. If the formula of acetic 
acid be written in such a form, that the 1 At. H which is replaceable by 
metals, may stand at the end, we shall have: acetic acid = 
acetate of potash = C^O^H®,K; acetate of ammonia, C‘^0*IP,H + NH^; 
ammonio-cupric acetate [of which, however, no analysis has come to 
the author’s knowledge], = C^O^H^,Cu + NH®. Here we have 1 At. H 
replaced by a metal, and in this sense ammonia-salts behave like acids. — 
Similarly, cacodylic acid = -f AsH®, the 1 At. H being not yet 

replaced by a metal; but in the metallic cacodylates, this substitution takes 
place, and cacodylate of silver, for example, = C^0^H®,Ag 4- AsH^. 
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Hence cacodylic acid cannot form any compound witli NH*, the place 
which the NH® should take being already occupied by AsHl — Moreover, 
just as an amidogen-compound, by taking up xHO, may be converted 
into an ammonia-compound, so likewise in the formation of cacodylic 
acid, are the arsidogen or cacodyl-compounds converted into an arseniu- 
retted hydrogen compound, and by abstraction of sHO, the contrary 
transformation may be effected. Thus far, Laurent, whose theory is 
corroborated by the fact that cacodylic acid exhibits, according to Bunsen, 
but a very slight acid reaction. 

Decompositions, 1 . Cacodylic acid heated above 200° is decomposed, 
with evolution of arseriious acid and stinking arsenical products. — 
2. Heated with dry chromic acid, it produces a fiery explosion. — Fuming 
nitric acid, aqua-regia, and aqueous chromic acid, do not decompose it, 
even at a boiling heat. — 3. When heated with aqueous phosphorous 
acid, it immediately gives off the pungent odour of alkarsin, which 
compound makes the liquid turbid and separates in drops, and at a boiling 
heat goes off in vapour: 

C^AsH^'O^ + P03 * C^AsH'^O + HO + PO^ 

(or, according to Gerhardt’s formula: 

C^AsHsO-i + HO + 2P03 = C^AsH^O + 2W), 

Hydrogen, phosphuretted hydrogen, arseniuretted hydrogen, sulphurous 
acid, ammonia, ferrous sulphate, and oxalic acid, have no action upon 
cacodylic acid. — 4. Perfectly dry hydrochloric acid gas passed over the dry 
crystals, causes evolution of heat, and forms water, together with a basic 
percbloride which solidifies in large radiating crystals on cooling. ■— > 
Dry hydrobromic acid gas passed over well dried cacodylic acid, forms 
bromide of cacodyl, bromine, and water; 

C^AsH^O^ -f 3HBr = C^AsH^Br + 2Br + 4HO 
(or: C-^AsHSO^ 5HBr = C^sH^Br + 4Br + 4HO). 

But cacodylic acid distilled with concentrated hydrobromic acid yields 
basic perbromide of cacodyl. — Dry hydriodic acid gas passed over the 
dry crystals, causes intense heat, and forms iodide of cacodyl, iodine, and 
water; 

C^AsH^O^ + SHI = C^AsHH + 21 + 4HO; 

(or; C^sH^O^ + SHI == C^AsHH + 41 + 4HO). 

5. Sulphuretted hydrogen acts upon cacodylic acid, with evolution of 
heat, both in the dry and in the moist way, forming persulphide of 
cacodyl, free sulphur, and water; but if the crystallized acid he not well 
cooled during the passage of the gas, other products are likewise formed, 
in consequence of the heat evolved: 

C^AsH^O^ + 3HS = C^AsH^S^ + S + 4HO; 

(or: CUsH^O^ + 4HS = C^AsH^S^ + 2S + 4HO). 

If, however, the cacodylic acid, instead of being dissolved in water, ba 
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dissolved in weak alcoLol, the sulphuretted hydrogen forms a largo 
quantity of protosulpliide of cacodyl as well as bisulphide: 

C^AstFO^ + 3HS = C^sH^S + 2S + 4HO; 

(or: C-^AsH^O*! + 5HS = C^AsH^S + 4S + 4HO). 

6. Cacodylic acid heated with an acid solution of protochloride of tin 
immediately forms chloride of cacodyl: 

C^AstFO^ - 2SaCl + 3HC1 =» C^AsH^Cl + 2SnC12 + 4HO; 

(or: C^AsH^O^ + 4SnCl +■ 5HC1 == C-^AsHsCl + 4SnCl2 + 4HO). 

7. Aqueous cacodylic acid boiled with zinc yields alkarsin and cacodylate 
of zinc; 


+ 2Zn 2(ZnO,C^AsHW) + G-iAsH^O + 3HO; 

(or: SC^Astl^O^ + 4Zii = 4CA\sH‘^Zn04 + C^AsH^O + 3HO). 

CoTTihinations, Cacodylic acid remains permanent in dry air, but 
deliquesces iu damp air, It dissolves in Water in all proportions. 

Oacodylafes, Cacodylic acid decomposes carbonates when boiled with 
them. The normal cacodylates contain an atom of metal in place of an 
atom of hydrogen. The salts are rarely crystalline, more frequently 
gummy. They require a higher temperature to decompose them than 
free cacodylic acid; when decomposed, they give off stinking products, 
and leave a residue of carbonate or arseniate. They are soluble in 
water and in alcohol. Sulphuretted hydrogen converts them into 
analogous sulphur-salts in which 4 At. 0 are replaced by 4 At. S. 

Crystallized cacodylic acid does not absorb emmoniacal gas (Laurent). 

Cacodylate of Potash. — Crystallizes from the aqueous solution by 
evaporation in concentric radiated masses, resembling Wavellite j deli- 
quescent. 

Cacodylate of Soda. — Similar to the potash-salt, hut less deliquescent. 

Ferric Cacodylate. — The brown solution produced by boiling the 
aqueous solution with ferric hydrate, decomposes when evaporated. 

Cupric Cacodylate. — The solution of cupric hydrate in the acid leaves 
a blue gum when evaporated in vacuo; the aqueous solution, when boiled, 
deposits metallic copper, so very finely divided that it cannot be separated 
by filtration. 

Cupric Cacodylate with Cupric Chloride.. — An alcoholic solution oi 
cacodylic acid added in excess to an alcoholic solution of cupric chloride, 
throws down all the copper in the form of a greenish yellow, gummy 
precipitate, which, when boiled in the supernatant liquid, becomes 
granular, and may then be readily washed with absolute alcohol. When 
heated, it emits vapours which smell of cacodyl and take fire in the air, 
and leaves cupric chloride, cupric arseniate, arsenic, and charcoal. 
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16 C.... 

Calculation according to Bunsen. 
96*0 ... 

. 8*99 ... 

Bunsen. 
.... 9*10 

4 As 


. 28*09 ... 


24 H .. 

24*0 ... 

. 2*25 ... 

.... 2*13 

9 Cu 


. 26*97 ... 

.... 26-94 

7 Cl ... 

247*8 

. 23*21 ... 

23*12 

14 0.... 

112*0 .. 

. 10*49 ... 


7CuCl + 2(Cu0,2C*AsH603)[?] 1067-8 .., 

.. 100-00 ... 



Mercuric Caeodylate, — A solution of recently precipitated mercuric 
oxide in excess of concentrated cacodylic acid yields by spontaneous 
evaporation^ soft, white needles grouped like flocks of wool. These 
crystals when heated give oif mercury, together with stinking products 
containing alkarsin; they dissolve but partially in water and alcohol, 
leaving a yellow basic salt. 

Gacodylate of Mercuric Chloride, — By mixing the alcoholic solutions 
of cacodylic acid and corrosive sublimate, pearly scales are obtained, 
which change to white delicate needles, either by remaining in the liquid 
or by rccrystallization from alcohol. They are inodorous, melt into a 
transparent, colourless liquid when heated, and are resolved, at a higher 
temperature, into vapours having an arsenical odour, hydrochloric acid 
and [di- ?] chloride of mercury {Ann. Fharm. 46, 40). 

Calc, according to Bunsen. Calc, according to Gm. Bunsen. 


4 C 

... 24*0 . 

.. 5*50 

4 C 

.. 24*0 

.... 5-87 .... 

.... 5*89 

As 

75*0 . 

.. 17*20 

As 

75-0 

.... 18*35 


7H 

7-0 . 

.. 1 GO 

7 H 

7*0 

.... 1-71 .... 

.... 1*78 

3 0 

.. 24*0 . 

.. 5*50 

4 0 

.. 32-0 

.... 7*83 


2 Hg . .. 

.. 200*0 . 

.. 45*85 

2 Hg .. .. 

.. 200-0 

.... 48*92 .... 

.... 47*84 

3 Ci 

.. 106*2 . 

.. 24*35 

2 Cl 

.. 70-8 

.... 17*32 .... 

.... 20*54 


436*2 ., 

... 100-00 


408-8 

.... 100*00 



Bunsen obtained by his calculation, not 24*35, but 21*60 p.c. chlorine, because, 
from an oversight, he estimated 3 At. Cl, not at 1327*95 (0 = 100) but at 1106*5. Ac- 
cording to Bunsen, the compound is a compound of mercuric oxide with perchloride of 
cacodyl, 2HgO,C'*AsH^CP+ HO ; according to Gm. it is cacodylate of mercuric chloride 
=2HgCl,C^AsHW. 


Cacodylate of Silver, — a. Monobasic, A solution of silver-oxide in 
aqueous cacodylic acid is mixed with excess of silver-oxide and evapo- 
rated to dryness, the residue dissolved in hot alcohol, and the filtrate 
cooled to the crystallizing point. — Long, very delicate needles united in 
radiated masses, inodorous and permanent in the air. They blacken by 
exposure to light; may be heated to 100 without decomposition or loss of 
water; but a temperature a little above 100“^, they give oJT vapours like 
alkarsin, which take fire in the air, while silver free from arsenic is left 
behind. Dissolves very readily in water. 

Bunsen. 

Calc, according to Bunsen. Calc, according to Gertardt. dried at 100®. 


24 .... 9*79 4 C 24 ... 9*88 9*83 


As 


. 30*62 

As 

.... 75 . 

„ OO 

.. 30*86 


6H 

6 . 

. 2*45 

4 H 

4 . 

.. 1-64 .... 

.... 2*43 

AgO 

...... 116 . 

. 47*35 

Ago ... 

116 . 

.. 47*74 .... 

.... 47*30 

3 0 

24 . 

. 9*79 

3 O 

24 .. 

9'88 


AgO.OAsH'O’ 245 . 

... 100*00 

C^AsH^AgO^ 243 . 

... 100*00 
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h. Teracid . — By Seating carbonate of silver with aqueous cacodylic 
acid for several days, evaporating to dryness, and exhausting with water, 
a salt is obtained of similar character, and crystallizing in needles, but 
not so readily. 


Bunsen. 


Calc, according to Biinsen. 

Calc, according to Gerhardt. 

, dried cold in vac. 

12 C 

72 . 

... 13-82 

12 C 

72 .... 

13-98 .... 

.... 13-76 

2 As .... 

, 225 

43-19 

3 As 

225 .... 

43-69 


20 H .... 

. 20 . 

... 3*84 

14 H 

14 .... 

2-72 .... 

.... 3-53 

AgO 

116 . 

... 22-26* 

AgO 

116 .... 

22-52 .... 

.... 22*08 

11 0 

88 . 

... 16-89 

11 O 

88 .... 

17-09 



521 . 

..100-00 

C4AsH-tAg0^2C-*AsH50* 515 ... 

100-00 



[According to Bunsen, this salt is AgO,C'‘AsH®0^ + 2(HO,C%sH^’02); according to 
Gerhardt, it is C‘^AsH^AgO^ + 2C^AsH'’0‘*. The former calculation gives both in salt a 
and salt b more hydrogen than the experiment; and the latter gives much too little H.] 


Nitrocacodylate of Silver. — When alcoholic solutions of nitrate and 
cacodylate of silver are mixed together, large needles separate out, but if 
left in the liquid, soon change to pearly scales. They must be quickly 
washed by decantation [with alcohol ^ and dried in the dark over oil of 
vitriol. — When exposed to light, they very quickly assume a dark 
brown colour; also when heated 100°, either alone or under water. At 
210°, they detonate slightly. They dissolve readily in water, sparingly 
in absolute alcohol. 

Calc, according to Bunsen. Calc, according to Gerhardt. Bunsen. 


4 C 

.. 24 

.. . 5-78 

4C 

... 24 

.... 5-81 .... 

.... 6-16 

As 

. 75 

.... 18-07 

As 

75 

.... 18-16 


6 H 

6 

.... 1-45 

4 H 

4 

.... 0-97 .... 

.... 1-51 

3 0 

... 24 

.... 5-78 

3 0 

.. 24 

.... 5-81 


2 AgO .... 

... 232 

.... 55-91 

2 AgO .. 

232 

... 56-17 .... 

.... 55*84 

N05 

.. 54 

.. 13*01 

NOS 

... 54 

.... 13-08 



415 

.... 100-00 


413 

.... 100-00 



According to Bunsen, it is AgO,NO® + CAArli'^AgOb according to Gerhardt, 
AgO,NO® + C^ArH2AgOi 

Cacodylic acid dissolves very readily in very dilute Alcohol^ less 
readily in cold absolute alcohol. — It dissolves sparingly in aqueous 
Btlier, bixt not in anhydrous ether, which indeed precipitates it from its 
alcoholic solution (Bunsen). 


ProtosulpMde of Cacodyl. C*AsH®S=C‘ArH=,HS. 

Bunsen. Ann. Fharm. 37, 16. 

Formed in the decomposition of aqueous cacodylic acid (p. 329) or 
alkarsin by sulphuretted hydrogen, or of chloride of cacodyl by aqueous 
bydrosulphate of barium; 

OAsH^Cl + BaS,HS = C^AsH^S + BaCl + HS. 

The escape of sulphuretted hydrogen causes strong effervescence. 
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!Breparatio%. 1. When chloride of cacodyl is distilled with aqueous 
hydrosulphate of barium, protosulphide of cacodyl passes over together 
with water. As chloride of cacodyl is generally contaminated with 
alkarsin, which is not acted upon by protosulphide of barium, but is con- 
vei’ted into sulphide of cacodyl by the action of hydrosulphate of barium, 
the latter is better adapted for the preparation than the simple sulphide 
of barium, which would yield a sulphide of cacodyl containing alkarsin. 
In the retort there generally remains, besides chloride of barium, a viscid 
stinking mass consisting of sulphur and a mixture of protosulphide of 
cacodyl with the bisulphide. For, the hydrosulphate of barium gene- 
rally contains hyposulphite of baryta and bisulphide of barium ; and by 
the mutual action of these conij3ounds, sulphur is separated, and converts 
a portion of the protosulphide of cacodyl into bisulphide. If the hydro- 
sulphate of barium contains sulphide of iron, this compound imparts to 
the sulphide of cacod} 1, an indigo-blue colour, which however is removed 
by distillation. — The distillate thus obtained is once more distilled with 
hydrosulphate of barium, to convert the chloride of cacodyl completely 
into sulphide; and the sulphide of cacodyl is then freed from water by 
means of chloride of calcium, and from sulphuretted hydrogen by carbo- 
nate of lead. In these distillations, so long as the sulphide of cacodyl is 
covered with a layer of water containing sulphuretted hydrogen, no par- 
ticular care need be taken to exclude the air. because the oxidation-pro- 
ducts of the cacodyl are reduced by the sulphuretted hydrogen; but as 
soon as the sulphide of cacodyl is completely freed from sulphuretted 
hydrogen, the air must be excluded as carefully as possible. — The 
sulphide of cacodyl is finally transferred, without being allowed to come 
in contact with the air, into the distillatory apparatus described on page 
3*23 (L (?. a bent glass tube with a bulb at each end), previously filled with 
carbonic acid, and distilled, whereby any bisulphide of cacodyl that may 
he present in it, is left behind in the form of a yellowish, viscid, stinking 
liquid mixed with crystalline grains. — 2. Another mode of preparation 
is to mix the acid watery layer, which floats on Cadet’s crude liquid 
(p. 316), and contains acetic acid and alkarsin, with aqueous hydrosulphate 
of barium. The resulting sulphide of cacodyl, which requires further 
purification, sinks to the bottom, being insoluble in the acid liquid: 

C^AsH^O + + BaS,HS = OAsH^S + + HO + HS. 

Properties. Transparent, colourless, ethereal liquid, which does not 
solidify at — 40°, and is heavier than water. Boils considerably above 
100% but passes over readily with vapour of water. Yaponr-density = 
7 '72. Does not fume in the air. Has an extremely repulsive, pene- 
trating and persistent odour, like mercaptau and alkarsin. 


4 C 

24 . 

... 19-84 ... 

Bunsen. 

20-49 

C- vapour .. .. 

Yol. 

.. 4 ,. 

Density, 
.. 1-6640 

As 

... 75 . 

... 61*98 


As-vapour .. 

. i .. 

... 5*1998 

6H 

... 6 . 

... 4-96 ... 

5-02 

H-gas 

.. 6 .. 

. 0-4158 

S 

... 16 . 

... 13-22 ... 

12-17 

S- vapour ... . 

i .. 

.. 1-1093 

C^AsH^S .. 

... 121 . 

... 100-00 



1 .. 

.. 8-3889 


Protosulphide of cacodyl, C‘*ArH^,HS, corresponds to hydrosulphuric ether, 
and like the latter, yields a monatomic gas. 


Deccmposiiions. 1. The vapour heated to redness in a glass bulb, 
deposits arsenic, sulphide of arsenic, and charcoal. 2. Sulphide of 
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cacQclyl takes fire readily in contact witli air, and burns 'with a grey 
arsenical flame, pale blue at the edges. — When exposed to the air or 
oxygen gas at ordinary temperatures, it is converted into caoodylic acid 
and bisulphide of cacodyl, 'W'hich latter may be extracted by ether (Ann, 
JP74«m.46, 4). 

2C‘AsIFS + HO + 30 - 

(or: 2C^AsIF'S -»• CO = CiAsHSO^ + O^AsH^S^ + 2H0. 

— 3. With iodine it yields a peculiar crystalline substance. — With 
selenium it forms a compound which crystallizes in large colourless 
laniinm. The aqueous or alcoholic solution of this compound brought in 
contact 'wdth sulphur, yields bisulphide of cacodyl. — 4. Moderately 
strong nitric acid oxidizes the sulphur completely, the cacodyl incom- 
pletely. — 5. Sulphuric and phosphoric acid eliminate sulphuretted 
hydrogen and form sulphate or phosphate of cacodyl : 

C^AsHGS + HO,S03 = C^AsHS0,S03 + HS. 

Acetic acid exerts no decomposing action. — 6. Hydrochloric acid forms 
chloride of cacodyl and sulphuretted hydrogen: 

C-^AsH^’S + HCl = C^AsI-PCl 4- HS. 

7. Protosulphide of cacodyl heated to 200^ — 800° in a curved receiver 
over mercury, gives off no gas, hut coats the mercury with sulphide of 
mercury, and is itself converted into a fuming mixture of cacodyl and 
undecomposed sulphide. At this temperature, however, the cacodyl itself 
begins to decompose (^Ann. IBliarm. 42, 26). 

Comhinations. Protosulphide of cacodyl is scarcely soluble in Water, 
but nevertheless imparts to that liquid its own abominable odour. 

With the aid of heat, it dissolves Phosphorus, which separates out 
from it again on cooling. 

Sulphide of Cacodyl and Copper, 3CuSjC^AsH®S. — Crystallizes 
from a mixture of the solutions of sulphide of cacodyl and nitrate of 
copper, in regular octohedrons permanent in the air and having an 
adamantine lustre {Ann. Fharm, 46, 47). — [Alkarsin is probably formed 
at the same time, as shown by the following equation: 

4C4AsH''S + 3CuO == ZCuS.C^AsB^S + SC^AsIP^O.] 

Protosulphide of cacodyl mixes in all proportions with Piker and 
Alcohol, and is precipitated from the latter by water (Bunsen). 


BisHlpMde of Cacodyl. c^AsH^Sl 

Bunsen. Ann, Pharm, 46, 16. 

PersulyMde of Cacodyl, KaJtodylsulfid, 

Formation. 1. Protosnlphide of cacodyl, either dry or dissolved in 
alcohol, is converted, by heating with sulphur, into bisulphide, and by 
exposure to the air, into a mixture of bisulphide and cacodylic acid 
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(p. 334). — 2. Sulphuretted hydrogen passed over crystallized cacodylic 
acid kept cold, or through the aqueous solution of that acid, produces a 
mixture of bisulphide of cacodyl and sulphur (p. 329). 

F reparation. Prof osulphide of cacodyl prepared by three distilla* 
tions wJth hydi’osuiphate of barium, and perfectly free from chlorine, is 
completely freed from water by treating it with chloride ot calcium in a 
flask filled with carbonic acid, then decanted and accurately weighed in 
a flask likewise filled with carbonic acid, and heated with part of 
well dried flowers of sulphur [Ifl pts. sulphur to 121 pts. protosulphide 
of cacodyl]; the sulphur then dissolves, and forms a pale yellow liquid, 
which on cooling, solidifies completely into a mass consisting of white 
crystalline scales. As this mass may contain, sometimes a little free 
sulphur, sometimes a little protosulphide of cacodyl, and likewise traces 
of cacodylic acid, it is dissolved in absolute alcohol, and alcohol and 
water added, till the liquid begins at 40° to deposit crystals of bisulphide 
of cacodyl. Above 40°, the bisulphide would separate in the liquid form, 
and therefore could not be purified by recrystallization. The mother- 
liquor is still pure enough for the preparation of siilphocacodylates. 
100 pts. protosulphide of cacodyl yield 1]3‘2 pts. of bisulphide. [This 
agrees very nearly with the calculated amount. 121 : 138=100 : 123‘2]. 
— 2. Sulphuretted hydrogen gas is passed through aqueous cacodylic 
acid; the precipitated mixture of fi'ee sulphur and bisulphide of cacodyl 
treated with hot dilute alcohol to extract the latter; and the liquid 
filtered, and left to cool to the ci^stallizing point. 

Froperties. Bisulphide of cacodyl crystallizes from the alcoholic 
solution by slow cooling in large transparent, colourless tables: by quicker 
cooling, in small prisms. The crystals are soft and greasy to the touch. 
They melt at 50° to a colourless liquid, which, on cooling, solidifies in a 
crystalline laminated mass. Has a penetrating odour, like that of asa 
faetida. Permanent in the air. 


4 C 

24 .. 

.. 17-52 ... 

Bunsen, 
17-38 

As 

75 .. 

.. 54-74 ... 

54-96 

6 H 

6 .. 

.. 4-38 ... 

4-31 

2S 

32 .. 

.. 2.3-36 ... 

.... 23-38 

C^AsH^S^ 

137 

... 100-00 .. 
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Bunsen assigns to the compound the rational formula C'*AsH®S,C‘^AsH®S^. Ac- 
cording to the nucleus-theory also, a peculiar formula would he required for this 
compound, inasmuch as it contains an uneven number of atoms. 

Decompositions. 1. Bisulphide of cacodyl, heated above its boiling- 
point, assumes a yellowish colour, gives off protosiilphide of cacodyl, 
together with a little undecomposed bisulphide, and leaves a mixture of 
sulphur and the bisulphide separable by alcohol; at a higher temperature, 
protosulpliide of cacodyl distils over, together with a small quantity of 
bisulphide, and sulphur sublimes together with a trace of sulphide ( f 
arsenic; lastly, at a red heat, sulphide of arsenic is formed, together with a 
number of stinking products of decomposition. — 2. Bisulphide of cacodyl 
heated in the air, burns with a dull bluish flame, forming water, carbonic 
acid, sulphurous acid, and arsenious acid, which rises in the form of a 
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white smoke.' — 3. Nitric acid conrcrts it into sulphur which separates, 
and sulphuric and cacodylic acid; 

C^AsWS^ + HO + N05 + C'^AsLFO'^ + 2S + NfO^. 

4. It dissolves in oil of vitriol, with evolution of sulphurous acid and 
abundant separation of sulphur, — 5. It is decomposed by peroxide of 
lead, yielding cacodylate of lead, sulphide of lead, and sulphur: 

2C‘iAsH^'S2 + 4Pb02 = 2(Pb0,C^AsH«03) + 2PbS + 2S. 

[If cacodylic acid were =C^AsH®0^ there ought to be no separation of 
sulphur in the free state, since the equation would be: 

CiAsH«S2 + 3Pb02 = C-^AsH^PbO^ + 2PbS + 2HO.] 

6. From many heavy metallic salts, bisulphide of cacodyl throws down a 
sulphocacodylate. [Probably with simultaneous formation of alkarsin: 
e. y. with a lead-salt: 

2C^AstPS2 + PbO - C^AsH^^PbS^ + C'^AsIFO.] 

7. With mercury it forms, even at ordinary temperatures, and with great 
evolution of heat, sulphide of mercury and sulphide of cacodyl, which 
then, on being heated to 200^, is converted, with further formation of 
sulphide of mercury, into cacodyl. 

Comhinations. Bisulphide of cacodyl is insoluble in water. 

It dissolves in Hydrochloric acid, and apparently without decom- 
position. 

It dissolves sparingly in Ether, but readily in A Icohol both hydrated 
and absolute. From this latter, it separates, on dilution with water to a 
certain extent, in oily drops, which when left at rest, remain liquid, even 
at 4-20"^, but on the slightest movement, solidify in fine crystals, and with 
great evolution of heat (Bunsen). 

Bunsen succeeded but imperfectly in preparing a Eersid'phide of 
Cacoc/yZ=C^AsH®jS^, in the separate state. A fused mixture of 1 At. 
protosulphide of cacodyl and 2 At. sulphur solidifies on cooling, in a 
crystalline mass consisting of scales, and differing from the bisulphide of 
cacodyl obtained in a similar manner and crystallized from alcohol. But 
when the crystals are treated with hot absolute alcohol, sulphur remains 
behind, amounting to less than 1 At., and the alcohol, on cooling, yields, 
together with free sulphur and crystals of bisulphide of cacodyl, a few 
separate crystals, differing in form from those of the bisulphide, and con- 
taining more sulphur than that compound. 


Sidpliocacodylates. MS,C^AsH«S®= C^AsH^MS^. 

Bunsen. Ann. Pharm. 46, 23. 

As Bunsen assigns to these salts the formula MS,CAsH®S^ he assumes the 
existence of a sulphocacodylic acid* or persulphide of cacodyl, C^AsH^S^, corres- 
ponding to the hypothetical anhydrous cacodylic acid, CAsH®0^. The nucleus- 
theory, on the other hand, supposes the existence of a sulphur acid = C'^AsH^S'* (or, 
according to Gerhardt, G*AsH'^S'^) corresponding to crystallized cacodylic acid, and 
forming the sulphocacodylates by substitution of 1 At. metal for 1 At. hydrogen. In 
the case of antimony and bismuth, which form teracid oxides^ the radical-theory 
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supposes that I At. of a metallic sulphide unites with 3 At. of the sulphur-acid 
C'^AsH^S^, while, according to the nucleus-theory, 1 At. of these metals replaces 3 At. 
hydrogen in 3 At. of the sulphur-acid C'^AsH'S’*. 

Formation. 1. By bringing various heavy metallic salts dissolved in 
alcohol, in contact with bisulphide of cacodyl (p. 336). — 2. By decom- 
posing a heavy metallic cacodylate with hydrosulphuric acid (p. 320). 

Sulpliocacodylate of Aniimony. — A mixture of the concentrated 
alcoholic solutions of bisulphide of cacodyl and tercliloride of antimony 
(containing excess of hydrochloric acid) deposits short, flat, light yellow 
needles, which however cannot be completely freed from chlorine by 
alcohol, and are thorefoie perhaps mixed with a chloriiie-compound. — If 
the alcoholic solutions are dilute and do not contain excess of hydrochloric 
acid, they form a yellowish white precipitate which after a time jissunies 
a yellow and then an orange colour, arising from precipitated sulphide of 
antimony; this decomposition likewise takes place when the product is 
washed with alcohol. 


Crystals. Bunsen. 


12 C 

72 .. . 

11*32 .... 

... 11*88 

3 As 

225 .... 

35*38 


18 H 

18 .... 

2*8:-5 .... 

.... 3*00 

Sb 

129 .... 

20*28 


12 S 

192 .... 

30*19 



SbS^3C-‘AsH6S3=Ci2As3H^ssbSi2 636 .... 100*00 


Sulpliocacodylate of Bissnuth. — Formed by adding a dilute boiling 
alcoholic solution of acid nitrate of bismuth, by drops and with constant 
stirring, to a boiling concentrated alcoholic solution of bisulphide of 
cacodyl. The mixture assumes a golden yellow colour, and deposits 
after a few minutes, soft, bulky, woolly needles which soon change to 
crystalline scales. The mother-liquor, which still contains bisulphide of 
cacodyl, may be decanted, and the bismuth-solution again dropped in 
several times with the same precautions, till on farther addition, the first 
traces of a black precipitate of sulphide of bismuth make their appear- 
ance. 

Delicate, golden yellow, inodorous scales which are permanent in the 
air. They sustain a heat of 100° without alteration, but at a higher 
temperature, are resolved into sulphide of bismuth, sulphide of cacodjT 
and sulphur. They are not altered by sulj)hu retted hydrogen. They are 
insoluble in water and nearly insoluble in alcohol and ether. 


Crystals. Bunsen. 
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18 H : 

18 
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Bi 
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12 S 

192 

.... 20*67 


BiS3,3C*'AsH5S3= Ci-As3HisBiSi2 

720 

.... 100*00 



Sulpliocacodylate of Lead. — By mixing the alcoholic solutions of 
bisulphide of cacodyl and acetate of lead, small white, pearly scales are 
obtained, which are inodorous and permanent in the air, not affected by 
sulphuretted hydrogen, insoluble in water, and nearly insoluble in 
alcohol. 

TOL. IX. z 
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Crystals. 
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6 II 

6 . 

... 2*20 .. 

2*28 

Pb 
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.. 273 . 
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Sulphocacodylate of Co f per. — An alcoliolic solution of nitrate of 
copper is added to an alcoliolic solution of bisulpliicle of cacodyl, in such 
proportion that the latter may greatly predominate, and the precipitate 
washed with absolute alcohol (Bunsen) : 

4C4AsH6S2 + 4(Ca0,N05) + HO = 2(Cu2S,C‘iAsH''>S3) + O^AsTl^Qi + 
C4AsH60,N05 + 4^0*^. 

If too much nitrate of copper be added, sulphide of copper is precipi- 
tated, together with a peculiar sulphur-salt which crystallizes in long 
needles, and decomposes spontaneously after a while, with formation of 
sulphide of copper. 

Soft, loose, egg-yellow powder, which takes up water but slowly. 
When heated, it first gives off sulphide of cacodyl, then sulphur, and 
leaves sulphide of copper. It is decomposed by potash, but not by sul- 
phuretted hydrogen. It is insoluble in water, a(pueous acids, alcohol and 


ether. 
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Stdpliocacodylate of Gold, — The alcoholic solutions of bisulphide of 
cacodyl and terchloride of gold form a brown precipitate of sulphide of 
gold, which, when boiled for some time with the supernatant liquid, is 
converted into a yellowish grey-white sandy powder, sinking quickly to 
the bottom; it must be washed with absolute alcohol and dried in vacuo. 
The filtrate contains cacodylic acid: 

2C4AsHSS"- + Au03 + HO « C^AsHSAuS*^ + C^AsH^Oh 

This compound, when dry, forms a very soft, yellowish white, tasteless 
and inodorous powder, which appears perfectly homogeneous when 
examined by the microscope. When heated, it assumes a dark-red 
colour, and gives off nearly pure sulphide of cacodyl in oily drops, and 
afterwards sulphur, while pure gold remains behind. It is set on fire by 
fuming nitric acid, with separation of sulphur and gold. It is decoii 
posed by caustic potash, but not by sulphuretted hydrogen. Insoluble in 
water, hydrochloric acid, alcohol and ether. 
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Selenide of Cacodyl. C*AsffSe=C‘ArH^HSe. 

Bunsen. Ann, Fliarm, 37,21. 

Formed by distillbg pure chloride of cacodyl two or three times with 
aqueous selenide of sodium, and purifying the oily distillate at the bottom 
of the water, in the same manner as the sulphide (p. 333). 

Transparent, yellow oil, Leayier than water. Does not fume in the 
air, and has a peculiarly high boiling point, but may be distilled without 
decomposition either alone or with water. Has a repulsive, extremely 
penetrating, and somewhat ethereal and aromatic odour. 

The vapour of selenide of cacodyl passed through a red-hot glass 
tube, deposits a ring of selenium and arsenic. Selenide of cacodyl 
exposed to the air, takes up oxygen and forms colourless crystals; when 
set on fire, it burns with a beautiful blue flame, emitting a strong odour 
of selenium. It is readily oxidized by nitric acid; also by heated oil of 
vitriol, with evolution of sulphurous acid and precipitation of red 
selenium. From various heavy metallic salts, as from acetate of lead or 
nitrate of silver, it throws down a black metallic selenide, while alkarsin 
remains dissolved in combination with the acid: 

C^AsH^Se + Ag0,N05 = C^AsH^OjNOs + AgSe. 

On the addition of a small quantity of corrosive sublimate, it forms a 
black precipitate of selenide of mercury; then, on further addition, a 
white precipitate, consisting of a compound of alkarsin with protochloride 
of mercury, which may be extracted by boiling water, and crystallizes 
from the solution in nacreous laminae ; 

C^AsIFSe + 3HgCl + HO - HgSe + C^AsH60,2HgCl + HCl. 

Selenide of cacodyl is insoluble in water, but dissolves readily in 
Alcohol and Ether (Bunsen), 


Iodide of Cacodyl. C*AsH®I=C*ArH’,Hr. 

Bunsen. Ann, Fharm, 37, 35. 

1. When alkarsin is distilled with concentrated hydriodic acid, a 
yellowish oil collects under the water in the receiver, which, on cooling, 
deposits yellowish crusts and transparent rhombic tables of oxyiodide of 
cacodyl. After this separation has been more completely efiected, by 
surrounding the receiver with a frigorific mixture, the oily iodide of 
cacodyl is poured ofl:; again distilled with concentrated hydriodic acid; 
set aside for a few days with chloride of calcium and quicklime in a 
sealed tube filled with carbonic acid gas, to remove water and hydriodic 
acid; and finally distilled in apparatus 3 (p, 321), previously filled with 
carbonic acid gas and sealed, till I- to |- has passed over. — The watery 
distillate in the receiver, which has been converted into ice by the 
freezing mixture, yields, when separated from the oxyiodide and thawed, 
an additional quantity of iodide of cacodyl, but less pure (Bunsen). — 
^ 2. Iodide of cacodyl is also formed, together with the iodide of 

z 2 
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aiiotlicr arsenical radical, by tlie action of iodide of naetbyl, ctliyl, amyl, 
(fee., on cacodyl: 

+ 2C‘Hf‘^As - (C=I-P)2 (C«II«+i)2Ar,I + Cdl^AsT. 

e.g. with iodide of ethyl, tlio products arc iodide of arscnuictliylcthylium 
and iodide of cacodyl (Cahours &c Riche, pp.31 0, 352). IT 

Thin yellowish distillate, which does not solidify at — 10®; it is 
heavier than chloride of calcium, hut lighter than lime. Boils above 
100®, forming a yellow vapour; may ho readily distilled with water; 
does not fume in the air; has a penetrating and repulsive odour like 
that of cacodyl. 


4 C 
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... 10*39 ... 
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Iodide of cacodyl set on fire in the air, burns with a light smoky flame, 
giving off vapours of iodine. Exposed to the air at ordinary tempera- 
tures, it forms in a short time, beautiful rhombic prisms, probably con- 
sisting of cacodylic acid. It is decomposed by nitric and sulphuric acid, 
with separation of iodine. With protochloride of mercury, it behaves 
like the corresponding compounds. Mercury abstracts the iodine, even 
below the boiling point of the compound. 

It is insoluble in water, but dissolves in Alcohol and Ether (Bunsen), 


Oxyiodide or Basic Iodide of Cacodyl. 

Probably = SC^AsH'I.C'AsH'O. 

Bunsex, Aoin. Eharm. 37, 54. 

Foj'mation cmd Preparation. L Passes over, together with iodide of 
cacodyl, in the distillation of alkarsiii with concentrated hydriodic acid 
(p. 339). To free the crystals from the oily iodide which still adheres to 
them, they are several times pressed between paper; recrystallized from 
boiling absolute alcohol; freed from adhering alcohol by pressure under 
water: left for some days in contact with fragments of chloride of 
calcium; and distilled in apparatus 3 (p. 321), previously filled with 
carbonic acid, till half the product has passed over. This compound 
oxidizes so rapidly in the air, that it cannot be obtained quite free from 
oxidation -products. — 2. The same compound is formed by mixing alkarsin 
with iodide of cacodyl — these bodies combining in all })roportions — 
and adding^a very small quantity of water, wdiich immediately converts 
the fluid mixture into a yellow crystalline mass. — On the other hand, 
the compound is not obtained by digesting or distilling iodide of cacodyl 
with concentrated hydriodic acid. 

Yellow crystalline mass or transparent rhombic tables. Melts far 
below 100', and may le distilled without decomposition. Emits white 
fumes in the air. 

Absorbs oxygen from the air so rapidly, that it becomes heated to its 
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melting pointy and even takes fire. Burns witli a smoky flame, giving 
off vapours of iodine. Not converted into iodide of cacodyl, eitlier by 
digestion or distillation with liydriodic acid. 

Dissolves sparingly in water, very readily in alcohol (Bunsen). 


Bromide of Cacodyl. Probably = C*AsH«Br=C*ArH«,HBr. 
Buksek. Ann. TJmvm, 37, 38j 42, 26. 

By distilling the compound of alkarsiii and mercuric chloride with 
highly concentrated hydrobromic acid, a yellow, non-fuming distillate is 
obtained, having the properties of chloride of cacodyl (Bunsen). — This 
compound is also formed by the action of bromide of ethyl on cacodyl 
(Cahours dc Riche, p. 352). Bromide of cacodyl placed over mercury in 
a curved receiver, and heated to 200° — 300'', is converted, with forma- 
tion of mercurous bromide, into a mixture of cacodyl and bromide of 
cacodyl, which lumes strongly, and even takes fire spontaneously on 
exposure to the air; but on boiling with Avater, the mercurous bromide is 
reduced to the metallic state, and the cacodyl reconverted into bromide 
which volatilizes with the watery vapours. — When heated with water, 
it is converted into fuming oxybromide of cacodyl (Bunsen). 


Oxybromide or Basic Bromide of Cacodyl. 

3C^AsH®Br,C^AsID0. 

Bunsen. Ann, l^harm. 37, 52* 

Obtained by distilling alkarsin two or three times with moderately 
strong hydrobromic acid; rectifying the resulting distillate with chalk- 
powder and water, the air being completely excluded; then drying it 
over chloride of calcium, and distilling it once more in the distillatory 
apparatus (3), (p. 321), Mled with carbonic acid gas. 

Yellow liquid becoming colourless whenever it is heated; in other 
respects very much like bromide of cacodyl. 

When heated with mercury, it is converted, without evolution of gas, 
into a lemon-yellow, easily fusible substance, which may be evaporated 
without decomposition, but when more strongly heated alone, is resolved 
into mercury, mercurous bromide, and stinking arseniferous products, and 
when heated with water, yields mercury and a compound which vola- 
tilizes with the water (Bunsen). 


Bunsen. 

15 C.... 96 .... 14-37 14-60 


XU o 

4 As * 

J7U 

300 

.... o/ ... 

.... 44-91 ... 

..... 1** uu 

..... 45*15 

24 H 

24 

.... 3*59 ... 

3 GI 

3 Br 

240 

.... 35*93 ... 

..... 34*60 

0 

8 

.... 1*20 ... 

2-04 

3C^AsH'Br,C^AsH”0.... 

668 

.... 100-00 ... 

..... 100*00 
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Basic Perbromide of Cacodyl. 

Bunsen, Ann. Fharm. iG, 41. 

Cacodylio acid is dissolved in very strong liydrobromic acid, in such 
quantity that the solution may still exhibit a strong acid reaction, 
and the liquid evaporated in vacuo over oil of vitriol and lime. Basic 
perbromide of cacodyl then remains, and is the only product, if the 
hydrohromic acid has been prepared from bromine and sulphuretted hydrogen, it will 
contain sulphuric acid, which must be precipitated by baryta-water. Water must then 
be distilled oiF from the aqueous hydrohromic acid till the distillate begins to exhibit 
an acid reaction, and the residue becomes yellowish from the presence of free bromine. 
Lastly, this residue distilled with phosphatic acid yields hydrohromic acid, colourless 
and sufficiently concentrated for the purpose. 

VisciS, colourless, inodorous syrup, which does not redden litmus- 
paper, excepting on addition of water. 


a. Calc. 

accord, to Bunsen, 



Calc, accord, to Gm. 

Bunsen. 

16 C 

... 96 . 

.. 11*43 

24 

C. 

144 

.... 12*31 .. 

...... 11*78 

4 As 

... 300 . 

35-71 

6 

As 

450 

.... 38'46 


36 H .... 

... 36 . 

.. 4*29 

48 

H 

48 

.... 4*10 .. 

4*38 

,3Br 

... 240 . 

.. 28*57 

4 

Br 

320 

.... 27*35 .. 

26*44 

21 0 .... 

... 168 . 

.. 20*00 

26 

0., 

208 

.... 17^78 



840 . 

... 100*00 



1170 

.... 100*00 



According to Bunsen, this compound =C^AsH*Br®,3C^AsH*0^ + 12 Aq; 
according to Gm., = C^AsH'^Br^SC’^AsH^O^ + 6Aq ; according to this 
latter formula, the formation of the compound must be expressed by the 
following equation: 

eC-^AsH^O-i + 4HBr + 2HO - + 6HO. 

Moreover, since the quantity of cacodyllc acid to be dissolved in the 
hydrohromic acid is not very exactly determined, the mixture may 
contain variable quantities of cacodylic acid and of the corresponding 
hromo-acid, C^AsH'^Br. Bunsen appears to conclude, chiefly from the 
circumstance that the compound does not redden litmus while in the 
syrupy state, but only after dilution with water, that the syrup no longer 
contains any acid, but is reconverted into an acid by the water; but this 
want of action upon litmus may arise from the thick consistency of the 
syrup, or from the same cause as that which renders tartaric acid dissolved 
in absolute alcohol incapable of reddening litmus. 

.. The compound, when moderately heated, is resolved into water, 
gaseous bromide of methyl (VII, 286) cacodylate of cacodylic bromide, and 
arsenious acid (Ann. Pharm. 46, 44). [The equation given by Bunsen for this 
decomposition cannot he correct. — Respecting cacodylate of cacodylic bromide, nothing 
further is mentioned. — If we start from the formula b, the equation will be : 

C'^AsH^Br + SC^AsH W + 6HO = 9HO + 2C2H3Br + 2C^Asll<5Br + SC'^AsH^O'^ + AsO^. 

According to this equation, water, bromide of methyl, bromide of cacodyl, cacodylic 
acid, and aryemc would be obtained] . The compound, when dissolved in 
water, is resolved into cacodylic acid and hydrohromic acid, which vola- 
tilizes, together with the water, when the liquid is evaporated in vacuo 
(Bunsen). [Equation according to formula I : 

= eC^AsH^O^ + 4HBr f 2HO], 
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Chloride of Cacodyl. c^AsH«cl=C^ArH^HCl. 

Betnsen. Ann PJiarm, 37, 31. 

Preparation, 1. The compound of alkarsin with protochloride of 
mercury, is distilled with yery strong hydrochloric acid, and the distillate 
dried apart from the air, over chloride of calcium and magnesia, and 
distilled alone in the apparatu.s described on page 3*21, previously filled 
with carbonic acid gas and sealed, — Alkarsin, distilled with strong 
hydrochloric acid, does not yield chloride of cacodyl in a state of purity, 
because oxychloride of cacodyl is formed at the same time, and is not 
decomposed, even by repeated distillation with hydrochloric acid (Bunsen). 
— Chloride of cacodyl is also obtained by the action of chloride of ethyl 
on cacodyl (Cahours & Riche, p. 353). 

Properties, Transparent, colourless, ethereal liquid, which does not 
solidify even at — 45^; heavier than water. Boils a little above 100^. 
and forms a colourless vapour of sp. gr. 4*53. Does not fume in the air, 
Has a penetrating, intoxicating odour, much more powerful than that of 
alkarsin; when inhaled in' considerable quantity, it produces swelling of 
the mucous membrane of the nose, and extravasation of blood in the 


eyes. 



Bunsen. 


VoL 

Density. 

4 C 

.. 21-0 .. 

.. 17*03 . 

... 17*70 

C-vapour 

. 4 .. 

... 1-66-40 

As 

.. 75*0 .. 

.. 53*42 


As-vapour 

. i .. 

.. 5*1998 

6H 

6*0 .. 

.. 4*27 . 

... 4*35 

H-gas 

. 6 .. 

.. 0-4158 

Cl 

.. 35*4 .. 

.. 25*22 . 

... 22*90 

Cl-gas 

. 1 .. 

.. 2-4543 

C^AsH^Cl .. 

.. 140*4 .. 

.. 100*00 


Yaponr of C'^AstDCl 

2 .. 

1 .. 

9*7339 
.. 4*8669 


In consequence of the admixture of oxychloride of cacodyl, Bunsen found too little 
chlorine. 

DecoTnpositions, 1. Chloride of cacodyl, when set on fire, burns with 
a dull arsenic flame, depositing metallic arsenic or arsenious acid, accord- 
ing to the facility with which the air has access to it. The vapour which 
it evolves on boiling, takes fire spontaneously in the air. When heated 
in a vessel filled with oxygen, it explodes with great violence. When 
the air has excess to it but sparingly, it deposits crystals. — 2. In chlo- 
rine gas, it takes fire spontaneously, and deposits charcoal. — 3. Strong 
nitric acid sets fire to it, with explosion. — 4. It is decomposed, with 
evolution of hydrochloric acid, by sulpburic and pliosphoric acid, but not 
by weaker acids. — 5. With dry ammoniacal gas, it forms a white saline 
mass, which leaves sal-ammoniac when treated with alcohol. — 6. Alco- 
holic potash reduces it to the arsidogen-nucleus C^AsH^ (p. 313 ), with 
precipitation of chloride of potassium: 

C^ksWCl -i- KO = C^AsHS + KCl HO. 

Dry baryta or lime does not abstract chlorine from^ it; even from the 
vapour, heated lime does not withdraw the chlorine till the heat becomes 
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sufficiently great to dcconiposo the chloride of cacodyl without the inter- 
vention of any other substance. — 7. Silver-salts decompose chloride of 
cacodyl, throwing down all the chlorine in the form of chloride of silver. 
— Zinc, tin, and iron abstract all the chlorine, without evolution of gas, 
and leave cacodyl. Zinc and tin produce this effect at to 100"^; the 
li(lind, which at first is transparent and colourless, becomes dark and 
opaque as the metal dissolves, and on cooling solidifies in a moist saline 
mass, from which water dissolves out the metallic chloride {Ann. JBliarm, 
42 , 27 ). 

Gomhinatiom. Chloride of cacodyl is not perceptibly soluble in 
water, but nevertheless imparts its penetrating odour to that liquid. 

With metallic chlorides it forms many compounds; none of whicb, 
however, are stable, excepting the following: 

Gacochjlo-cupmcs Chloride. — An alcoholic solution of alkarsin forms, 
with a solution of cuprous chloride in liydrocbloric acid, a thick white 
pasty precipitate, which must be triturated for some time in a mortar 
with strong hydrochloric acid, to remove all the cuprous chloride preci- 
pitated in the free state; then washed as quickly as possible and quite 
apart from the air, first with strong, then with dilute hydrochloric acid, 
and afterwards with water; then pressed between paiier and dried in 
vacuo. If the ’washing be too long continued, the precipitate is decom- 
posed, and in the end dissolves completely. — White granular powder 
smelling of cacodyl; often, however, yellowish from incipient decompo- 
sition. — When heated, it gives off chloride of cacodyl, and leaves 
cuprous chloride. When exposed to the air, it turns green, forming 
chloride of copper and stinking arsenical products. Decomposed by 
boiling with water. Insoluble in alcohol and in ether (A^in. Fharm^ 
42 , 22 ). 


4C 

24*0 

.... 10*0] ... 

Bunsen. 
9*68 

As 

75*0 

.... 31*28 


e H 

6-0 

.... 2*50 ... 

2*62 

Cl 

35*4 

.... 14*76 ... 

12*44 

Cu^Cl 

99-4 

.... 41*45 .. 

40*49 

Cu=Cl,C<AsH«Cl..., 

. 239*8 

.... 100-00 



Cacodylo-platinic Chloride. — Chloride of cacodyl forms with solution 
of platinum, a copious brick-red precipitate, probably consisting of 
PtCP,C^AsH Cl. — This precipitate dissolves in water when boiled or 
washed with it, forming a nearly colourless liquid, in which neither 
platinum nor cacodyl can be detected by the ordinary re-agents; when 
cooled or evaporated, it yields long colourless needles. These needles 
are analogous to Eeiset’s 2->la*tinum -compounds, the ammonium being 
replaced by cacodyl. They contain a platiniferous radical, which unites 
with chlorine, bromine and cyanogen, and forms with oxygen a base whicb 
unites wdtli acids, forming crystallized suits (Bunsen). 
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Oxychloride or Basic Chloride of Cacodyl. 

3C*AsH=Cl,C*AsH'0. 

Bunsen. Ann, Pharnij S7, 49. 

Obtained by treating cbloride of cacodyl with water, or more readily, 
by distilling alkarsin with dilute hydrochloric acid, rectifying the distil- 
late with chalk powder and water — always carefully excluding the 
air — drying the rectificato over chloride of calcium, and again distilling 
it in the apparatus described on page 321, previously filled with carbonic 
acid and sealed. 

The liquid resembles chloride of cacodyl, but boils at 109°, has a 
vapour-density of 5*46, and emits white fumes in the air; its odour is 
not near so strong as that of alkarsin, but nevertheless quite bad 


enough. 



Bunsen. 


Vol. 

Density. 

16 C 

96*0 .. 

. 17*97 . 

.. 17*7 4 

C-vapour .. 

16 .. 

. 6*6560 

4 As 

300*0 .. 

. 56*16 . 

.. 55*15 

As-vapour 

2 .. 

.. 20*7994 

24 11 

24*0 .. 

. 4*49 . 

.. 4*31 

11 -gas 

24 .. 

.. 1*6640 

3 Cl 

106*2 .. 

. 19*88 . 

.. 18*78 

Cl-gas 

. 3 .. 

.. 7*3629 

0 

8*0 .. 

. 1*50 . 

.. 4*02 

0-gas 

. i .. 

.. 0-5546 

SC^AsIHCl.CLAsH^O 

534*2 .. 

.. 100*00 . 

... 100-00 


8 .. 

.. 37*0369 





1 .. 

.. 4*6296 


In consequence of the rapid oxidation of the preparation in the air, which cannot 
be altogether prevented, Bunsen obtained too much oxygen. [Bunsen’s calculation of 
the vapour-density [is inadmissible; for, he reckons 1 vapour-density of alkarsin to 
3 vapour-densities of chloride of cacodyl, and by dividing by 4 obtains the vapour- 
density of the compound = 5*35, which certainly agrees better with the density found 
by experiment. Hince, however, the vapour of alkarsin is monatomic, and that of 
chloride of cacodyl diatomic, it follows that in the vapour of the oxychloride, 1 vol. 
alkarsin-vapour must be associated, not with three, but with six volumes of vapour of 
chloride of cacodyl]. 


Hydrated Chloride of Cacodyl [?]. 

Bunsen, Ann. Pkarm. 37 j 54, 

Hydrocbloric acid gas dried by oil of vitriol and cbloride of calcium, 
and passed over pure alkarsin, from whicb the air is carefully excluded, is 
quickly absorbed, with great evolution of heat, rising even to the boiling 
point, and forms two strata of liquid, a brick -red powder of erythrarsin 
(amounting to d. p.c. of the alkarsin used) being at the same time preci- 
pitated. If the alkarsin he surrounded with a frigorific mixture during 
the passage of the gas, a homogeneous liquid is obtained, which, however, 
when heated in a distillatory apparatus filled with carbonic acid, till it 
ceases to give ofif bydrochloric acid gas (which carries watery vapour 
with it) is likewise resolved into two strata of liquid, part distilling over. 
The thin upper layer is chloride of cacodyl. The lower viscid layer 
must, since nothing else is formed, be chloride of cacodyl in combination 
with part of the water which was produced in the formation of that 
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compound. In fact, cliloride of calcium deliquesces in it, leaving chloride 
of cacodyl almost chemically pure (Bunsen). [Was the .sutstimoe which caused 
the tloliquescence of the chloride of calcium, really water ? Why is not the viscid 
compound farmed on bringing cliloride of cacodyl in contact with a small quantity of 
water ?] . 


Cacodylate of Cacodylic Chloride [?]. 

Bunsen. Ann. 'Bliarm. 46, 36. 

Passes over as an oil in the distillation of basic perchloride of cacodyl. 
It is rectified at a gentle heat till the residue begins to be somewhat 
coloured, then freed from water and hydrochloric acid by means of baryta, 
and distilled once more in the sealed apparatus (p. 321). 

The oil resembles chloride of cacodyl. If a glass rod moistened with 
it be held near the nose for only a few seconds, the odour, which is at 
first scarcely perceptible, rises after a while to an incredible intensity, 
causing sneezing, profuse discharge of mucus, and reddening of the nose 
and eyes. If it be smelt somewhat longer, the odour passes into an 
intolerable sensation, attended with piercing pain in the corebolluin. — 
This compound forms, with corrosive sublimate, the same pearly scales as 
alkarsin (p. 324), but without formation of calomel (Bunsen). 


Calculation, according to Bunsen. 

Bunsen. 

20 C 

120-0 

.... 15-28 .. 

14-90 

5 As 

375-0 

.... 47-75 .. 

45-65 

SO H 

30 0 

.... 3-82 .. 

3-81 

6 Cl 

212*4 

.... 27*04 .. 

26-21 

6 0 

48-0 

... 6-11 .. 

9-43 


785-4 .... 100 00 100*00 

Bunsen attributes the excess of oxygen wbicb be found, to rapid oxidation in the 
air, and gives the formula 3C‘^AsH^CP,2C^AsH®0^. 


Perchloride of Cacodyl [?]. 

Bunsen. Ann. 46, 29. 

Dry hydrochloric acid gas passed over dry cacodylic acid, evolves 
great heat, and forms a liquid, which on cooling deposits large shining 
laminm of basic perchloride of cacodyl. The mother- liquor, which still 
contains some of this compound, must be regarded as perchloride of 
cacodyl : in fact, as C^AsH®CP, inasmuch as, when the hydrochloric acid 
gas is passed over the cacodylic acid, no separation of water takes place 
till the gas is in excess, and thereby exerts a decomposing action on the 
componnd already formed. [The compound may also be C'^AsH^CP,4liO, 
according to the following equation: 

+ 4HC1 = C^AsHW + 4HO.] 

The compound is a transparent, colourless, inodorous syrup, which 
fumes slightly in the air. 

The syrup when strongly heated, is resolved, without turning hrowm, 
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into a volatile product containing cLloride of cacodyl, and into arsenious 
acid and a permanent gas, which is absorbed by alcohol, but not by water. 
It cannot be set on fire without bringing it into an alcohol flame. Zinc 
reduces it, even in the cold, to chloride of cacodyl, recognizable by its 
odour, and at higher temperatures to cacodyl. The aqueous solution of 
the syrup contains hydrochloric and cacodylic acid, besides a trace of 
arsenious acid (proceeding from admixed basic perchloride of cacodyl) 
(Bunsen). 


Basic Perchloride of Cacodyl. 

Bunsen. Ann. Pharm. 46, 30. 

Produced by the action of gaseous or concentrated aqueous hydro- 
chloric acid upon cacodylic acid. 

Preparation. 1. By collecting the shining laminoe which separate in 
the preparation of perchloride of cacodyl. — 2. By evaporating the 
solution of anhydrous cacodylic acid in highly concentrated hydrochloric 
acid, over oil of vitriol and lime in vacuo at ordinary temperatures, till it 
solidifies to a pasty mass made up of lamina3; pressing this mass iu a 
heated press between several folds of warm and well dried bibulous 
paper; exposing the residue several times to the air to absorb moisture; 
again pressing it out; and lastly drying it in vacuo over oil of vitriol 
and lime, 

Properim. Large, transparent, colourless, crystalline laminae, which ' 
fuse somewhat below 1 00^, forming a colourless liquid; they are inodo- 
rous, but have a very sour taste. 

Calc, according to Bunsen. according to Gm. Bunsen 


12 C 

72-0 .. 

.. 13-76 

16 C 

96-0 

.... 14-51 .... 

.... 13-85 

3 As 

225-0 . 

.. 43-00 

4 As ... 

.... 300-0 

.... 45-34 


24 H 

24-0 . 

.. 4-59 

28 H 

..... 28-0 

.... 4*24 .... 

.... 4-61 

3 Cl 

106-2 . 

.. 20-30 

4 Cl 

.. 141-6 

... 21-40 .... 

.... 20-12 

12 0 

96-0 . 

... 18 35 

12 O 

96-0 

.... 14-5] 



523-2 . 

... 100-00 


661-6 

... 100-00 



According to Bunsen, the compound = C'^AsH*'’Cl2,2C'*AsH®03 + 6HO; according 
to Um., = C^AsH7Cfl,3C'^AsH^O'‘. According to the latter formula, the equation for 
the formation of the compound is : 

4C4AsH70^ + 4HC1 = + 4HO. 

Basic perchloride of cacodyl begins to decompose even below its 
melting point, not turning brown, but giving off a permanent gas. Hence 
a certain amount of decomposition takes place in passing hydrochloric 
acid gas over cacodylic acid without cooling. If a solution of cacodylic 
acid in concentrated hydrochloric acid be evaporated to a syrup, and 
gently heated (between 100° and 109° decomposition takes place more 
quickly), gaseous chloride of methyl is obtained, which, when purified 
by passing through water, potash-ley, and hydrate of potoh, amounts to 
25 cub. centim. for 1 grm. of cacodylic acid; also an oily distillate, con- 
sisting of <»eodylate of cacodylic chloride, with small quantities of water 
and hydrochloric acid; and a residue of arsenious acid, generally mixed 
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with cacodylato of cacodyl ic chlorido and uudecomposod basic pcrchlorido 
of cacodyl. [ The cquutioii given for thi.'? decompositiou by Bunsen (Au7i. Pharm. 
45, 38 j is incorrect]. — Basic pcrchlorido of cacodyl deliquesces quickly in 
the air to a viscid liquid, and its aqueous solution contains nothing but 
cacodylic and hydrochloric acid: 

^ 3C1AsH 70*‘ -i- 3HC1, 

[or: + 4110 == 4ChVstH0^ + 4HC1.] 

With zinc it yields cacodylic acid, cacodyl and chloride of zinc: 

+ 3Zn = 2C-‘AsI-I“0^ + C'^AsfP + SZiiCl + 4H0, 

[or: Ci°As'll-«CBOi^ + 4Zn = SC-^AsTFO-* + C^AstP + 4ZnCl + H; 

according to this c(tuation, 1 At. H should he set free as gas; whether 
any evolution of gas takes place or not, Bunsen does not state]. 


Fluoride of Cacodyl 

Bunsen. Ami. JPharm. 37, 38. 

By distilling the coinpouiid of alkarsin and mercuric chloride with 
concentrated hydrofluoric acid, a colourless liquid is obtained, having an 
intolerably pungent and offensive odour. This liquid is probably = 
C^AsH®F; but, as it attacks glass, it could, perhaps, only be obtained 
pure by preparing it in platinum vessels. It is insoluble in water, but 
appears to be decomposed thereby. 


Basic Perfluoride of Cacodyl 


Bunsen. A717i, Pharm. 46, 45. 


Concentrated hydrofluoric acid dissolves cacodylic acid abundantly 
and with great evolution of heat. The solution evaj^orated in the water- 
bath, whereby the excess of hydrofluoric acid is driven off, leaves a 
liquid which solidifies in prisms on cooling. These crystals are pressed 
between paper, dried in vacuo over oil of vitriol and lime, and kept in 
platinum vessels. 

Long, transparent, colourless prisms, or by quick crystallization, 
flexible needles. Inodorous. 


Calc, according to Bunsen. 

Calc. 

according to Gm. 

Bunsen. 

12 C 

72*0 

.... 15*06 

8 C 

.. 4S*0 

.... 15*05 .. 

15*33 

3 As ... 

225*0 

.... 47 05 

2 As 

150-0 

.... 47-05 

21 H 

21*0 

.... 4*39 

14 H 

.. 14*0 

.... 4*39 .. 

4-42 

6 F 

112*2 

.... 23*46 

4 F 

.. 74*8 

.... 23-46 .. 

23-38 

6 0 

48*0 

.... 10*04 

4 0 

.. 32*0 

.... 1004 


478-2 

.... 100-00 


318*8 

.... 100-00 



According to Bunsen, = 2C^Asn‘^F^ CLYsH^O^ + 3H0: 
CLAsH"FhC^AsH“OA 


I 

according to Gm. 
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The compound fuses when heated, giving off hydrofluoric acid, and 
afterwards products having the odour of alkarsin, and finally burns away 
with a dull grey arsenical flame, leaving a very combustible charcoal. 
It attacks glass, deliquesces in the air, and dissolves readily in water, 
forming a liquid which strongly reddens litmus (Bunsen). 


Conjugated Compound. 

Cyanide of Cacodyl. c®NAsH«=C*ArH^C^NH, 

Bunsen, Ann. PJiarm. 27, 23. 

PTepciration. — The danger of poisoning in this process is so great, that it must 
be performed in the open air ; and during the more daiigeious manipulations, the air 
should be inhaled through a long glass tube, the other end of which is far removed from 
the lising vapour of cyanide of cacodyl J. Alkarsin is distilled with concen- 

trated hydrocyanic acid, and the cyanide of cacodyl freed from admixed 
alkarsin by crystallization. The purification is imperfect, and in consequence of 
the ready oxidability of the alkarsin and the fearfully poisonous nature of the cyanide of 
cacodyl, very dangerous. — 2. Better: alkarsin is added to a concentrated 
aqueous solution of mercuric cyanide — whereupon mercury is precipitated, 
and part of the alkarsin passes to a higher state of oxidation — and the 
mixture distilled. Water then passes over without a trace of alkarsin or 
hydrocyanic acid, and below it an oily mixture of cyanide of cacodyl and 
oxidized alkarsin, from which, on cooling,, the cyanide of cacodyl crystal- 
lizes in large prisms. The water and the liquid portion of the oil are then 
allowed to run off; the crystals pressed between paper, fused, and freed 
from water by distilling them to one-half in the apparatus (p. 321) filled 
with dry carbonic acid. As the quickly crystallizing distillate thus 
obtained still contains traces of impurities, the tube is broken close to the 
bull) which serves as a receiver; the contents transferred to the shorter 
arm of a tube bent at right angles and filled with carbonic acid gas; the 
open end quickly sealed; the shorter arm heated in water to 50^—60°; 
the fused mass left to solidify till two-thirds of it have crystallized; the 
last third, which still remains liquid, diuined off into the longer arm; and 
this melting and partial solidification of the two-thirds, repeated till the 
portion which runs off no longer exhibits a yellowish colour. The product 
which then remains in the shorter arm is perfectly pure cyanide of 
cacodyl. 

Properties. Crystallizes on cooling after fusion in large prismshaving 
an adamantine lustre; still more beautifully when sublimed at ordinary 
temperatures in a glass tube whose upper part is cooled by sprinkling 
with water; it then forms slightly oblique prisms having their two acute 
lateral edges slightly truncated, and their ends bevelled with two faces. 
Cyanide of cacodyl melts at 33^, forming a colourless, ethereal, strongly 
refracting liquid, which crystallizes again at 32*5°. Boils near 140°^ and 
yields a vapour whose density is 4*63, It is intensely poisonous, more 
so indeed than any other cacodyl-compound. A few grains of it diffused 
through the air of a room, are sufficient to excite giddiness, delirium, loss 
of consciousness, fainting fits, and numbness of the feet: these attacks 
however are of short duration, and produce no permanent injury, pro- 
vided the person affected make his escape in time. 
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Bunsen. 


VoL 

Density. 

6 C 

.... 3G . 

... 27*48 ... 

28*01 

C- vapour 

.. 6 . 

... 2*4960 

N 

.... 14 . 

... 10*69 ... 

11*05 

N-gas 

1 . 

0*9706 

As 

.... 75 . 

... 57*25 ... 

56*43 

As-vapour .. 


5*191)8 

6 H 

.... 6 . 

... 4*58 ... 

4*01 

ll-gas 

.. 6 

0*4158 

C«NAsIF .... 

.... 131 . 

... 100 00 ... 

100*10 


2 

1 

9 -0822 
4*5ill 


Decompositions. 1. Cyanido of cacodyl wlien set on firo burns with 
a red blue flamCj emitting a thick fuunc of arsenious acid. — 2. It reduces 
the luercury from mercurous (but not from mercuric) nitrate. — 3. With 
corrosive sublimate, it immediately forma a copious precipitate of the 
comjjound of alkarsin and mercuric chloride. — 4. From nitrate of silver 
it throws down cyanide of silver. Its solution mixed with ferrous salts 
forms with potash; a precipitate, which, when dissolved in the stronger 
acids (but not in acetic acid), leaves prussian blue. 

Combmations. Cyanide of cacodyl dissolves sparingly in Water, very 
readily in Alcohol and Ether. 


Arsidogen-nucleus* C'^Ar^O. 


Erytharsin. 

Bunsen. Ann.Pharm. 42, 41. 


Formation* 1. By passing the vapour of alkarsin or cacodyl through 
a heated tube. In the case of alkarsin: 

SC^AsH^O = C'^As^H^OS + cHF + 2C2H^ 


[in the case of cacodyl, the required oxygen is perhaps supplied by the 
air of the tube]. — 2. By the imperfect combustion of alkarsin or cacodyl, 
in which case however the product is always contaminated with an 
irremovable impurity, as well as with metallic arsenic. — 3. In the prepa- 
ration of chloride of cacodyl. -—4. Cadet’s liquid (p. 31.5) once distilled 
under a layer of water has also been observed to deposit erythrarsin. 


Freparaiion. When strong hydrochloric acid is poured upon alkarsin, 
the chloride of cacodyl which forma, deposits erythrarsin in brick-rod 
flakes, which, after the chloride of dacodyl has boon distillo<l ofl) remain 
in the retort united in denser masses, and must bo purilied by boiling six 
or eight times with absolute alcohol (which may bo done without exclud- 
ing the air) till the alcohol no longer extracts chlorine, and then dried in 
the air. By this process, 100 pts. alkarsin yield ^ pt. erythrarsin. 


Properties . Dark red, with steel blue iridescence, and 
brick-red powder. 


4 C 

24 .. 

.. 8-60 ... 

Bunsen. 
8*58 

3 As 

225 .. 

.. 80*65 ... 

81-58 

6 H 

6 .. 

.. 2*15 ... 

2-03 

3 0 

24 

.. 8*60 ... 

7-73 


yielding a 




279 .... 100-00 


100*00 
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Decompositions, — 1. Erytlirarsin heated in, the air hums with a dull 
grey arsenical flame and without residue. — 2. Exposed to the air in the 
form of powder, it slowly absorbs oxygon, and in a few weeks becomes 
covered with a white powder probably consisting of arsenious acid. — 
3. It is set on fire by fuming nitric acid, and dissolves readily and with- 
out decomposition in the strong non-fuming acid. 

Erythrarsin is insoluble in water, potash-ley (which docs not decom- 
pose it), alcohol, and ether (Bunsen). 


Appendix to Cacodyl. 

T Arsentrimethyl {OWyKs and Arsenmethylium (CmyAs. 

A. Caiiouks & A. Riche. Oompt. rend. 3D, 541. 

When iodide of methyl is dropped by small portions at a time into a 
small flask filled with carbonic acid and containing pulverized arsenide of 
sodium, a considerable degree of heat is developed; and if the additions of 
iodide of methyl be repeated till no further rise of temperature is pro- 
duced, and the mixture be then distilled in a current of carbonic acid, four 
products are obtained, viz. unaltered iodide of methyl, a white crystalline 
body, and a heavy liquid composed of two distinct compounds, one of 
which boils at 120'^, the other between 165® and 170“. The former is 
Arsenirimethyl; the latter, ArsenVimctliyl or Cacodyl. The quantity of 
these liquids obtained is but small, even when the matter operated upon 
amounts to 100 grammes. ' 

Iodide of Arsenmdhylium. — This is the crystallized body just men- 
tioned, which is in fact the chief product of the reaction. It may also bo 
obtained by the action of iodide of methyl upon cacodyl. On mixing 
these two liquids in a tube, a violent action takes places, and a yellowish 
white mass of crystals of iodide of arsenmethylium is obtained, impreg- 
nated with an oily matter of tho same colour, consisting of iodide of 
cacodyl: 

2C-IEI + 2Chl«As - (CTF)*iAs,I + CTl«As,I. 

The crystals freed from tho oil by draining and pressure between bibulous 
paper, and then dissolved in iodide of methyl mixed with alcohol, separate 
from the solution in tho form of beautiful colourless tables having a high 
lustre. 

Cal j ours & Riche. 





a. 

b. 

8 C 

.... 48 . 

... 18*39 .... 

.... 18-53 .. 

.. 18-17 

12 H 

12 . 

... 4*60 .... 

.... 4-59 

.. 4-C4 

As 

75 . 

... 28-74 



I 

..... 326 . 

... 48-27 



(C2tP)«AsI ... 

261 . 

... 100-00 




a was obtained by the action of iodide of methyl on arsenide of sodium; h by that 
of iodide of methyl on cacodyl. 

Iodide of arsenmethylium boiled with recently precipitated oxide of 
silver, yields a strongly alkaline liquid which, when evaporated in vacuo, 
yields very deliquescent crystalline ]amin«© consisting of the hydrated 
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oxide of arsenmeihjlhm; and its solution mixed with sulphate or nitrate 
of silver, yields iodide of silver and sufpliate of arHcnmothylium, 
(Cn^3)4AsO,S()^ or the nitnde, pIP)^AsO,NO^ These salts are very 
soluble, highly deliquescent, and separate from their solutions by evapo- 
ration ill vacuo, ill the form of beautiful crystals. 

Iodide of A rsen mcthyliinn, with Ttr iodide of A rsen ic. (C'dr’*)^Asl, A sb'*. 
— When iodide of methyl is heated to 200° in contact with metallic 
arsenic, the latter disappears, and a large quantity of orange-red tabular 
crystals are obtained, moistened with a brownish liquid. 



Dried between 2)aper. 


Cahours & Riche. 

8 C .. 

48 .... 

G*7(i 

6*G5 

12 H .. 

12 .... 

1*G9 

1*98 

2 As .. 

150 .... 

21*15 


4 1.. 

500 .... 

70*42 



(CdP)LYsT,AsP 710 .... 100*00 

The crystals arc decomposed by distillation, yielding an oil wliicb bas 
a penetrating odour and excites tears. This oil is a mixture of several 
substances, the least volatile of which boils at 170°, lias the compositioii 
of iodide of cacodyl, and yields cacodyl when distilled with amalgam of 
zinc; the more volatile portion, the analyses of which were not sutllciontly 
concordant to fix its composition satisfactorily, deposited long, white, very 
beautiful needles, isomeric with iodide of cacodyl. 

Bromide of Ao^semnetliylmm. — Bromide of methyl acts energetically on 
cacodyl, yielding bromide of arseimiethylium in beautiful, very delique- 
scent crystals, and liquid bromide of cacodyl (Cahours & lliche). 


If Arseiimetliyletliylium, (C^H3)^(C^H®)’^As. 

Caitours & Ricixb. Compt. Bend, 39, 544. 

This radical, like the preceding, lias not been obtained in the free 
state, hut the sulphide, iodide, bromide, and chloride, are formed, together 
with the corresponding compounds of cacodyl, by the action of sulphi<lo, 
iodide, &c. of ethyl on cacodyl: €,y, 

2Cmn + 2C^tPAs =- (C2H3)2(C^H5)2 As,I + C-^lPAsT. 

The Hydrated Oxide is formed by treating a solution of the iodide 
with oxide of silver; a strongly alkaline liquid is then obtained, which, 
when evaporated, deposits the oxide in very deliquescent crystallhio 
scales. 

Sulphide. — Sulphide of ethyl acts very slowly on cacodyl, and only 
when heated, forming crystalline sulphide of arsenmethylethjlium and a 
yellowish oil, consisting of sulphide of cacodyl. 

The Sulphate and Nitrate are obtained in the form of very deliquescent 
crystals, by treating the solution of the iodide with sulphate or nitrate of 
silver. 

Iodide, (C-H®)^(C^H®yAsI. — When iodide of ethyl is mixed with 
Cacodyl, no apparent change takes place at first; but the mixture when 
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when loft to itself, gradually dcpositsf magnificent crystals of iodide of 
arsoiiinotliyletliyliuin, and likewise yields an oil consisting of iodide of 
cacodyl. 

Bromide, — Broniido of otliyl acts upon cacodyl in a similar manner, 
but somewhat more slowly. 

Cldoride. — Hydrochloric other mixes readily with cacodyl. The 
mixture enclosed in a scaled tube, does not exhibit any reaction at ordi- 
nary temperatures, oven after several days; but on heating the tube to 
3 80"* or 200 an oil soon separates and falls to the bottom of the tube, 
continually increasing in (pxantity, and containing a mnnbor of long 
colourless needles. If it bo then distilled, and only the first portion 
collected, the remaining portion yields, on cooling, a largo quantity of 
those crystals, which are very cicliqucscont, and consist of chloride of 
arsenmethylethylium. The oil consists of chloride of cacodyl. 

Mercury compound. — Corrosive sublimate forms with chloride of 
arsenmethylethylium, a compound which crystallizes in small white 
needles having the lustre of satin. 

Gold comimind. — Tcrchlorldc of gold forms with chloride of arsen- 
mothylethylium, a compound which crystallizes in small golden-yellow 
needles. 

Platinum compound. — A solution of bichloride of platinum poured 
into an aqueous solution of chloride of arsenmethylethylium, forms a 
yellow precipitate, which dissolves in a boiling mixture of ccpial parts of 
water and alcohol, and is deposited on cooling in beautiful orange-rod 
noodles. 


Appendix to the Ethydene-series. 

IT Ferrocyanide of Ethyl. (C^H®)=*FeCy3=C<?N®FeAel 

H. L. Bupf. Ann. Pharm, 91, 253. 

When hydrocblorio acid gas is passed into an alcoholic solution of 
hydroferrocyanic acid, as long as absorption takes place, the licpiid being 
pnmersed in a frigorific mixture to prevent too groat rise of tomporature, 
a solution is obtained, which on cooling, deposits a largo quantity of 
colourless crystals of a compound of forrocyanido and chloride of ethyl; 
and on dissolving these crystals in a small (piantity of alcohol, and adding 
ether, forro<yanide of ethyl is precipitated in wdiit© pearly scales, which, 
after being pressed between paper and then dried very carefully over 
lime, contain 6 At. w'ator. When loft for a considerable time over lime, 
they part with all their watci*, and are converted into the anhydrous 
compound. 



Anhydrom, 


Buff, 

14 C 

84 .... 

51'22 


10 H 

10 .... 

6-10 


3 N 


25*61 


Fe 

28 .... 

17*07 .... 

.... 18*22 

(CH-B)2FeCy3 

164 .... 

XOO-00 



VOL. IX. 2 A 
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Crystallixed, 


Buff. 

14 C 

84 .... 

38-53 .... 

.... 40*71 

16 II 

16 .... 

7*34 .... 

.... 6*33 

3 N 

42 .... 

19*27 


Fe 

28 .... 

12*84 .... 

.... 13*12 

CO 

48 .... 

22*02 



(C‘W)'-’FeCy3 + 6Aq 218 100*00 

The differences l)etween the analytical and calculated results arise from the great 
proneness of the compound to decomposition. 


OUorqferrocyamde of Ethyl, — This is the compound first obtained by 
passing hydrochloric acid gas into an alcoholic solution of hydroferrocyanic 
acid. The crystals must be dried between paper, and then placed over 
lime to free them from adhering water and hydrochloric acid. — When 
exposed to the air, they quickly decompose and turn blue, from forma- 
tion of protocyanide of iron. They likewise decompose when placed over 
lime; great care must therefore he taken to remove them from the Kmo 
exactly at the time when they become perfectly dry, Wlion loft for a 
longer time, they give up all their water of crystallization, amounting to 
6 Aq. 


AnJiydrous, Buff. 


18 C 

108*0 .. 

... 47-28 


15 H 

15*0 .. 

... (i-s; 


3 N 

42*0 

... 18*39 


Be 

28*0 . 

... 12*26 .. 

12*26 

Cl 

35*4 . 

... 15*50 


(C‘*H5)-FeCy^ + CTPCl 

228*4 . 

... 100*00 


Crystallized. 


Buff. ^ 

18 C 

108-0 

... 38*25 . 

w.... 37*30 

21 H 

21*0 

... 7*42 . 

7*26 

3 N 

42-0 

... 14*88 


Fe...... 

28*0 

... 9*91 . 

9-G9 

Cl...... 

35-1 

... 12*54 . 

12-G5 

6 0 

48*0 

... 17*00 . 


(Cdl'0-FcCy3 + C^H'^Cl + CAq 

282*4 

... 100*00 

* 


This compound’ mixed with ammonia yields Bunsen's cliloroforro- 
cyanide of ammonium, (]S[H'^)*FeCy® + NH^Cl. (VII, 451) Buff. 

Ferridcyanide of Ethyl? Hydrochloric acid gas passed into a mixture of alcohol 
and ferrideyanide of potassium, is absorbed with great evolution of heat; and if the 
mixture be well cooled during the passage of the gas, the filtered* solution yields, when 
quite cold, a large quantity of a crystalline, very unstable compound containing chlorine 
[and probably consisting of ferridcyanide of ethyl united with chloride of ethyl 1 
(Buff). ^ . 
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II TMacetic Acid. 

Kbkule. Froccedin(/s of the Royal Society^ 7, S8; Ann, Rliarm, 90, 
311. 


Sulphuretted Acetic Acid, Thiacetmure, 


Formed hj tlio action of tcrsiilpLido or pentasulpliido of pliospliorus'^' 
on glacial acetic acid; 


and 


zemw + 2Ps» = 3cnm-0'^ + 2P03, 
SC-IIFO** + 2PS^* = 5C‘H'iS«0‘“ + 2VOK 


Also in small quantity, and by secondary action, on distillating acetate 
of soda with pentacldorido of phospborus. 

Colourless liquid soluble in water. Boils at about 93°. Has a 
peculiar odour, like that of sulpburottod bydrogon and acetic acid 
together. 





Kekuld. 

4 C 

24 

31’58 


4 11 

4 

.... 5-26 


2 S 

32 

.... 42*11 .... 

41-3 

2 0 

16 

.... 21*05 


O 

O 

76 

.... 100-00 



KekuI4 adopting Gerbardt's atomic weights (VII, 17), writes the formula of the 

acid, 


Thiacetic acid is decomposed with explosion by strong nitric acid, 
Pentacbloride of phosphorus acts poworfully on it, fo|ming chlorosnl- 
phido of phosphorus, chlorido of otbyl Cl), and hydrochloric 

acid: 

C'‘H»OS,Cl + HCl. 

The acid dissolros )[)otassiuin, and likewise zinc when lieatod, with 
•OYolntion of hydrogen. 


Lead^salts. — Thiacetic acid forms with load a salt which is but 
sparingly soluble, in water, so that the acid precipitates a solution of 
acetate of lead. The salt may be rocryatallizod from hot water or alcohol, 
and then forms needles having a silky lustre, and when recently pre- 
pared, perfectly colourless. It decomposes quickly, both in the dry state 
and in solution, forming sulphide of lead. Strong nitric acid oxidizes 
it rapidly, forming sulphate of lead and a liquid containing a large 
quantity of sulphuric acid. 

* The sulphides of phosphorus are easily obtauied by fusing sulphur with amorphous 
phosphorus in an atmosphere of carbonic acid. A violent action takes place, but no 

explosion (Kekuld). 


2 A 2 
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4 C 

24 

.. 13-41 

Kekule. 

3 U 

3 .. 

,. 1*07 


Pb 

104 .. 

.. GB-10 .. 

58 

2 S 

32 .. 

.. 17-88 


2 0 

IG .. 

.. 8-04 



•■■■ 


ArHiydroiK Thiacetic Acid, Sulphide of Olhyl, Thiacctale of OtJiyl. 
C*H“SO'“ = 0 ^ 3 = 0 ^ j S'® — Formed by Ibo action of pcntasulplilJo of phos- 
phorus on anhydrous acetic acid: 


or: 


50*^03 + PS'- = PO' + 5C^H3S0'3; 

rC'IWl^, ^ opos _ „p^r> ^ rC-'H30=\M 


The substances scarcely act upon cacb other in the cold; but on applying 
a gentle heatj a brisk reaction takes place; and on distilling the product, 
anhydrous thiacetic acid is obtained in the form of a colourless liquid, 
boiling at about 121°, and having an odour like that of the hydrated 
acid. It sinks in water without decomposing, tbon gradually dissolves, 
and is resolved into thiacetic and acetic acid: 


C^H302)«r 


+ 2H0 


envoy ^ c>H30'3|o, 


The same compound might perhaps be obtained by treating thiacetate of lead with 
chloride of othyl; at all events, chloride of othyl acts upon this salt, forming chloride of 
lead (Kekule). 

rj4TJ3n2 1 

Thiacetate of ’Ethyl, or Thiacetic Ether — Produced by the 

very violent action of pentachloride of phosphorus on acetic other; 


Lighter than water, and insoluble in that liquid. — Smells like acetic 
ether, but with a very strong taint of sulphuretted hydrogen. Boils at 
80° C. (Kekul6). 

In all these instances, the action of tersulphide and peiitasulphido of 
phosphorus produces sulphuretted organic compofinds by substituting 
sulphur for oxygen. The same compounds may also ho formed by 
replacing the hydrogen in one or two atoms of sulphuretted hydrogen 
(HS), or the metal in one or two atoms of sulphide of potassium (KB), 
or in sulphide of hydrogen and potassium (KHS) [or one or two atoms of 
hydrogeu or metal in IPS, K^S, &c.] by organic radicals. Mercaptan and the 
sulphides of the alcohol-radicals have in fact long been obtained in this 
way (vid. VIII, 340) (Kekule). 
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% Metliyluramine. C^N=‘IF. 

Dessaignes. Comp, rend, 38, 839. 

Formation and Freparaiion. By an aqtieous solution of 

creatine or creatiniuo witlx mercuric oxide: Carbonic acid is tlicn evolved 
without Ui trace of ammonia; the oxide of mercury is partly reduced; and 
oxalate of mctliyl-uramine is obtained in crystals: 

2CWH901 + lOO = 2Mra7,CtH208 + 4C03 + 2HO. 

Creatme. Oxalate of Methyl- 

uramine. 

2CWI“F02 4- lOO + 2HO = 20mP,0^W0^ + 400^. 

Creatinine. 

If the quantity of oxide of mercury be too small, the crystals of oxalate 
of metliyluramine are mixed with crystals of creatine; but when a 
sufficient quantity of mercuric oxide is used, the oxalate of methyl uramine 
is obtained in large quantity and quite free from croa-tino. To separate it 
completely, the solution must bo repeatedly treated with alcohol and 
evaporated. 

Metliyluramine is obtained in the free state by heating the oxalate 
with a slight excess of pure milk of lime, and evaporating the filtrate in 
vacuo. 

Froperties, White solid body having a crystalline surface, duo per- 
haps to absorption of carbonic acid. Tery doliquoscont. Its taste is 
caustic and ammoiiiacal. Heated on platinum-foil, it volatilizes com- 
pletely, exhaling a strong odour of burnt creatine: 



Calculation, 


4 C 

24 

32*88 

7 11 

7 

9‘59 

3 N 

42 

57-53 



73 

.... 100-00 


Contains the elements of urea aud of mcthylaminc, mimift 2 At. Avater (Dessaignes): 
CWIF -I- 2H0 = CWIDO^ + CdFN. 

May also be regarded as formed from 2 At. ammonia, by the replacement of 2 At. 11 
by 1 At. cyanogen and 1 At. methyl respectively : 

fC2N 

emmr is[2^c2H3. 

t m 

This view of its constitution connects it with the cyanic amides (p. 293) (Gerlmrdt, 
Traiti de CMmie organique, 3, 941). 

Metliyluramine heated with baryta-water is decomposed, giving ofi* 
ammonia together with an odour of sea-water. It eliminates ammonia from 
aramoniacal salts at ordinary temperatures. Forms with the chloride of 
barium and calcium, copious precipitates, which arc soluble in a large 
quantity of water, and in dilute acetic acid. With sulphate of alumina 
and sesquichloride of iron, it forms precipitates which redissolvo in an 
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excess of tlxe precipitant. It precipitates the salts of load, co])por, and 
mercury; forms a whitisli yellow precipitate with nitrate of silver; and 
dissolves oxide and chloride of silver. 

Comhinafdons. Mothyluramino combines with acids, forming crystal 
lino salts, which have a slight alkaline reaction. The sufyhUe, lu/dro^ 
chlorate, and nitrate, may bo easily obtained by decomposing the oxalate 
with the corresponding lime-salts. 

Chloroplatinate of Methyluramine. — A concentrated solution of 
hydrochlorato of mothyluramino mixed with a concentrated solution of 
bichloride of platinum, yields this salt in the form of splendid orange- 
coloured rhomboids, which, when redissolvod and rccryatalHzod by cool- 
ing, often take tho form of flat prisms, arranged in parallel groups, Tho 
salt when calcined omits an odour of trimethjlamino. 



Dried in vacuo. 


Dessaignes. 

4C 

24*0 

.... 8*60 . 

8-77 

8 H 


.... 2*87 . 

.'i-03 

3N 

42*0 

.... 15*05 . 

14*85 

3 Cl 

106*2 

.... 38*03 . 

38*71 

Pt 


.... 35*45 . 

35-19 


eWH7,HCl,l?tC13 .... 279*2 .... X00*00 100*55 


Oxalate, Preparation, p. 357. Flattened prisms arranged in parallel 
groups. V ery soluble in water, has a disagreeable taste, and blues red- 
‘dened litmus slightly. Heated on platinum-foil, it exhales tho. samp 
odour as creatine. 


Dried at 100°. 


12 C 72 .... 30*50 .. 

16 H..,. 16 .... 6*77 .. 

6N 84 .... 35*59 .. 

8 O 64 .... 27*14 .. 


Dessaignes. 


a. h, 

30-90 30-98 

6-93 .... 7-27 

35-05 .... 35-43 

27.12 .... 26-32 


2C'‘N3Hi',C'‘H208 236 .... 100-00 100-00 .... 100-00 


Crystallized. Dessaignes. ^ 

2 eWH!' 146 .... 53-68 

C-<H=OS 90 .... 33-09 

4 HO 36 .... 13-23 1.3-25 .... 1.3-,3.| 


2CWH,C-‘H20« + 4Aq„.. 272 .... 100-00 
a was prepared from creatine; h from creatinine (Dessaignes). 


H Tribasic Pbosphite of Ethyl. 3C‘H'0,P0\ 

E. Eaiiton. Ch&n. Soc. Qu. J. 7, 216; abstr. Proa. Roy. Soc. 7, 131. 

Formation. By the action of alcohol or ethylafo of soda on tor- 
chloride of phosphorus: 

. 3(H0,C^H''50) -f PCF = 3HCI + 3WF»0,PO^ ('n 

and; ^ ^ 

. 3(Na0,C^H50) + PCF =s= 3NaCl + 3C‘fll50,PQ3 (2). 
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Preparation. 1. Witli alcolioL — • Absolute alooliol is introduced 
into a retort wliioli is connected with an apparatus for upward distilla- 
tion, and surrounded by a freozini!,^ mixture; and an equal woi/^difc of 
tcrclilorido of pliospliorus added drop by drop. [According to the above 
equation, 3 At. alcohol arc required to i At. PCF; now 3 At. alcohol « 3 138 ; 

and 1 At. PCP * 32 + 3 . 35'4 - 138*2]. The wludo is tliou gontly boated 
for a wliilo, the yapour being allowed to run back into the retort. It is 
now distilled, and the portion wbicli passes over between 140'^ and 190° 
collected and redistilled, that portion being presoryed which boils between 
188° and 191°. The quantity of phosidiite of ethyl obtained hy this process was 
not large, and there was left in the retort a quantity of phosphorous acid and other 
products, which on further heating, evolved inflammable phosphiircttcd hydrogen. — 
2. By using ethylate of soda, a inucb larger product is obtained. The 
ctliylate of soda is prepared by acting upon perfectly absolute alcohol 
with sodium in a retort, and oyaporating to dryness at about 120°; the 
capacity of the retort should bo about three times that of the ethylate of 
soda produced. The retort is then connected witli an apparatus for 
upward distillation, and a funnel which admits of being closely corked, 
adapted to the tubuluro. (See the Memoir for a figure of the apparai-us), Kor 
eyery 09 pts. (3 At.) of sodiuin used, 138 pts. (1 At.) of torchlorido of 
phosphorus is weighed out, mixed with five times its bulk of pure other 
(to moderate the action, which would otherwise ho so violent as to sot 
fire to the ethylate of soda), and the mixture introduced into the retort 
by the funnel, a few drops at a time, the retort during the whole of tho 
process being heated up to tho boiling point of other by a waior-bath. 
After all the torchlorido of phosphorus has heon added, tho heat is con- 
tinued till the evolved yapour no longer reddeiivS blue litmus-paper. Tho 
other is then distilled oil* by a water- bath; the retort transferred to an 
oil-bath; and the oil gradually heated to 200°, at which point it must 
be steadily maintained till the distillation is toruiinatod. When tho 
operation is carefully conducted, the quantity of phosphite of ethyl 
obtained is nearly equal to that which is required by equation (2) — Tho 
crude product is rectified in a current of hydrogen, as it oxidises if dis- 
tilled in air, and the portion which comes over at 188®, is collected and 
redistilled, •— Towards the end of each redistillation, when only a very minute 
quantity of the substance is left in the retort, a frothing occurs ; the thermometer falls ; 
phosphuretted hydrogen is given ofl'; and if tho retort bo opened at this time, the gas 
inflames spontaneously, with a violent explosion. 

Properties. Neutral, somewhat oily liquid, having a peculiarly offon- 
sivo odour. Sp. gr. 1*079 at 00° F. Boils at 191° in air, and at 188° in 
hydrogen. Vapour-density, iijL one oxporimout, = 5*800; in another, 
= 5*877. [These vapour-dciiHitics were taken in a globe filled twith hydrogen, to 
prevent the yapour from oxidizsing at the high temperature to which it is necessarily 
exposed. (See Chem. Soc. Qu. J. 6 , 205)]. — Bums with a bluish flamo. 
Soluble in water, alcohol, and other. : 


12 C 

72 

.... 43*11 

Railton (mean). 

.... 42*90 

C-vapour 

Vol. 

12 .... 

Density. 

4*9920 

15 H 

15 

.... 8*98 

.... 8*90 

H-gaa 

15 .... 

1*0395- 

w 

56 

.... 33*54 

.... 33-24 

P- vapour 

i .... 

2-1769 

3 0 

2i 

.... 14*37 

.... 14*96 

0-gas 

3 .... 

3-3276 

3C4HS0,P03 

167 

.... 100*00 

.... 100*00 

Ether-vapour 

. 2 .... 

11*5360 




1 .... 

6*7680 
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Phosphite oe Ethyl akp BiMiiiTM. — a, BaO,2C^PFO,rO^. — 
Formed by tlio aciiou of 1 At. hydrate of baryta on 1 At. tribasic 
phosphate of ethyl : 

3C‘H''0,P0^ + BaO,HO « BaO,2C'IEO,PO^ + C^IPO^. 

167 pts. (1 At.) of the phosphite of ethyl are added to S5'6 pts. (1 At.) 
hydrate of baryta dissolved in hot water, and the whole gently heated 
for a few minutes. Alcohol is given off; the liquid hccomes neutral; 
and if carefully evaporated in a water-bath, deposits tho salt as a coii- 
fused crystalline mass. — Very deliquescent, extremely soluble in water, 
soluble also in dilute alcohol, but very sparingly in absolute alcohol. 
Bears a heat of 108^^ without decomposing. 

JOried at lOS". Pailton. 

8 C 48-00 .... 23-22 22-65 .... 22-74 

10 H 10-00 4-R4 4-95 .... 5*11 

2 O 16*00 7-74 7-9B .... 8-00 

BaO 76-64 37-09 37*32 .... 37-01) 

P03 56-00 27-11 27*10 .... 27-06 

Ba0,2C‘‘H«0,P03 206-64 .... 100-00 - 100*00 .... 100-00 

The salt with, which the analyses were made was rccvystallized, dried between 
blotting paper, then in vacuo over oil of vitriol till it ceased to lose wciglit, and finally 
heated to 108° in an oil bath. The deficiency of carbon and excess of hydrogen arise 
from the extreme deliquescence of the salt. 

h, 2BaO,C^H®0,PO®. — Obtained by the action of 2 At. baryta on 
1 At. tribasic phosphite of ethyl : 

3C‘H«0,P03 4- 2(BaO,HO) « 2Ba0,CHP0,P03 + 2CffEOl 

On gently heating the mixture, alcohol is given off, and the now salt is 
produced. It does not crystallize. 

Dried at 108®. Railton. 

4 C 24-00 .... 9*75 9-69 

5 H 5-00 2-03 2-06 

O 8-00 3-25 3*40 

2 BaO 153-28 62-23 62*13 

P03 56-00 22-74 22*72 

2BaO,CWO,PO-'J .... 246-28 .... 100 00 100-00 

When an excess of baryta is used, a white salt is thrown down on 
boiling, which appears to be tIO,2BaO,PO® (Railton). 


IT Tribasic Formiate of Ethyl. 3C'iH^O,C=^PlO‘\ 

G-. Kay. Cliem, Soc. Qu. J. 7, 224; abstr. Froc. Boy. Soc. 7, 125, 

Formation, By the action of 3 At. ethylate of soda on 1 At. 
chloroform; 

3(C^H50,Na0) -f = 3NaCl + 3C'H50,C-H0-\ 

Preparation, I. Sodium is dissolved in absolute alcohol in a tubu- 
lated retort, ai^ the excess of alcohol distilled off as much as possible in 
the oil-hath. Pure chloroform is then added gradually to tho dry mass 
in the proportion of 1 At. to 3 At. of the sodium used. A violent action 
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takes place at first, rcTuIerin^ it iicccssaiy to cool tlio retort; wlien 
this is over, the liqtiid is distilled off from the chloride of sodium, and 
subjected to fractional distillation, whereby it is ultimately resolved into 
three portions, the first of which is small and passes over hotwoen 
and 70°, but cluefly between 50° and 60°; the second, wbicli is the most 
abundant, and consists of nearly ])uro alcohol, between 78° and 70°; and 
the last portion, amountiiiu^ to onc-sixth of the whole liquid, and con- 
sisting mainly of the tribasic formic eilior, at 145° to 140°. — The lower 
portion of the first distillate (50° to 7 G®) liacl the odour of common ether; part of it 
treated with sodium, and then mixed with water, became slightly turbid, but did not 
yield any oily stratum ; it contained formic acid and chlorine. — 2. Sodium is dis- 
solved in alcohol to satiu'ation; chloroform added, care being taken to 
keep the liquid alkaline, and to ensure the decomposition of tlio chloro- 
form; then more sodium introduced; and the process repeated several 
times till the liquid becomes bulky. The liquid is then distilled olf; 
again treated with sodium and chloroform as before, and separated from 
the pweeipitate; the same operations repeated till about 2 ounces of 
sodium have been used; and the resulting liquid siilyectcd to fractional 
distillation: it then divides itself into tbreo portions having the same 
boiling points as tliosc obtained in (1). — 3. As tlio preparation of ethy- 
late of soda or potash hy the direct action of sodium or potassium on 
alcohol is somewhat costly, it is bettor to obtain it by acting upon alcohol 
with a mixture of potash or soda and lime. Twelve ounces of solid 
hydrate of potash, and 18 oz. of powdered quicklime are added to rather 
more than S pints of absolute alcoliol, and the liquid distilled upwards 
(cohobated) for live or six hours. Chloroform is then added gradually, 
in the proportion of 1 At. to 3 At. of the potash used, the cohobatiou 
being continued for two or three hours; after which the liquid is distilled 
off by the heat of an oil-bath, and submitted to a series of fractional 
distillations. It thou divides itself into three portions as before, the 
bigbest distillate, which is the tribasic formic ether, and is equal in bulk 
to about one- sixth of the chloroform used, passing over at 144*5° to 145°, 
As in the former processes, the low’cst clistlllute had an odour of ether. 

jPropaiic’s. Transparent, colourless liquid, having a peculiar aromatic 
odour. Sj). gr. 0*8964. When purified by repeated rectification, it boils 
at 146°. Vapour-density = 5*2 17. Burns readily with a blue fiamo 
and a little smoko. Slightly soluble in water. 


Kay. Vol. Density, 


14 C 

.. 84 . 

... 56*75 

... 5G-51 

C-vapour.... 

14 . 

... 5*8240 

16 H 

.. IG . 

... 10-81 . 

... 10*40 

H-gas 

IG . 

... 1*1088 

6 0 

.. 48 . 

... 32-41 .. 

... 33-09 

0-gas 

3 . 

... 3*3279 

3CH"F0,C*1T03 ... 

148 . 

... 100*00 . 

... 100*00 


2 . 

... 10*2607 


1 .... 5*1303 


May be regarded as chloroform in which the 3 At. chlorine are replaced by 3 At. 
peroxide of ethyl, 

Decompositions. The compound gently heated with very strong oil 
of vitriol (monohyd rated sulphuric acid), then cooled, and slowl}" added 
to about its own bulk of ice-cold water, in which a sufficient quantity of 
baryta is suspended to neutralize the -acid employed, yields sulphovinate 
of baryta, formiato of baryta, and alcohol : 

3CTl’>0,Cni03 + 2(HO,S03) -f 2110 = C41D0,H0,2S03 + Cm-0^ + 2C‘WO\ 
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2. Dry liydrocliloric acid gas is absorbed in considerable quantity by 
tribasic formic otbotj and appears to convert It into common formic ctbcr 
C^IFOjC^IIO®. When 1 At. of the gas was passed into 1 7 grniH. of ih(‘ (‘ompomid, 
the gas was wholly absorbed, a conaidorablo amount of beat being evolved and the li(nn{l 
assuming a brownish colour. When dhstiUod fractionally, it yielded three disiillateH, the 
hrsi (about i) passing over between 20“ and 50“; the second (al)out ),), betweem 50" and 
CB®; and the third (one-hall) between OH® and 100". The (pumtities obtained were 
however too small to allow of more definite boiling points being obtained. — 2 At. dry 
hydrochloric acid passed into 29*G gnns. of the liquid were nearly all absorlx^l, but 
towards the end of the process a portion passed through. The liquid, which fimml and 
was strongly acid, was cohobated for some time to expel some of tho free hydrochloric 
acid and then distilled fractionally. About ^passed over between 50“ and GO®; | between 
60° and 70®; ^ between 70 and 80; and the remainder (about J) between 80® and B8®. 
The lowest distillate treated with about an equal bulk of water, floated on the surface, 
and seemed to be little if at all dissolved. The free acid was neutralized with carbonate 
of soda, and the liquid pipetted from the water, cohobated for some time over fused 
chloride of calcium, and then distilled off. The resulting distillate boiled at 55*5°; and 
had the odour of formic ether. It was found to contain 43*85 p.c. C, and 8*65 II, and 
its vapour-density was 2*439, whence it was probably formic ether mixed with a small 
quantity of water (comp, VIII, 483). — The distillate obtained between GO® and 70® 
yielded a similar product.— 3. Tribasic formic etlior treated with penta^ 
chloride of phosphorus^ yields a heavy liquid having tho odour of chloro- 
form. — 4. With potash it yields a small quantity of formic acid (Kay). 

An attempt was made to form the intermediate compounds 

2Ae0,C^HC102, and C'*H®0,C^HC1*0 by adding dry and powdered 

ethylate of soda very gradually to a large excess of chloroform; but the liquid, when 
separated from the precipitate and distilled, resolved itself entirely into chloroform, 
alcohol, and tribasic formic ether (Kay). ^ 
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COMPOUNJDS CONTAINING 6 At. CARBON. 

ACRENE SERIES. 


A. Pkimary Serieh. 

Primary Nucleus. Aorcnc. CIP. 
Kryle (Gmelin) ; Acrhie (Laurent). 


Oxide of Allyl. C<’H'0=C»ll‘,H0. 

Wbetheim ( 1844 ). Ann. Pham. 51 , 309 ; — 55 , 297 . 

AUyloxydf Oxyde d*Allyle [Kry lather ^ Lamhryle}* 

Sources. Occurs in small quantity in oil of garlic, so that on mixing 
a very concentrated alcoholic solution of oil of garlic with a very small 
quantity of nitrate of silver, also in the state of highly concentrated 
alcoholic solution, a com})ound of oxide of silver and oxide of allyl is 
precipitated, without any formation of sulphide of silver. 

Fo}'mation. 1. By the action of oil of garlic, C'^IPS, on nitrate of 
silver, sulphide of silver is precipitated, ami a crystalline compound of 
oxide of allyl and nitrate of silver is formed (p. 3()1). — > 2, By heating 
oil of mustard with fixed alkalis (vid. Oil of Mustard). 

Preparation. 1. When the crystalline compound of oxide of allyl 
with oxide of silver is dissolved in aqueous ammonia, oily drops of 
oxide of allyl rise to the surface, and may bo removed with the 
pipette and rectified. — 2. Oil of mustard is mixed with soda-lime in one 
arm of a knoe-shaped and sealed glass tube, and heated for some time in 
the oil-bath to 120°, first for 12 hours in such a direction that tho oil of 
mustard which volatilizes may flow back, and afterwards in such a 
manner that the empty arm may incline somewhat downwards, and the 
oxide of allyl which has been formed may distil into it. 

Properties, Tra^nsparent^ colourioss oil, having a peculiar odour, 
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quilo (liffercnfc from that of oil of garlic. Tlio proparatioiis (1) and (2) 
rot^ouiblo one another exactly. 

Culcuhition, according to Wcrtlicini. 

G (J 36 73-17 

ll 5 10*20 

0 8 16-33 

CTTO 40 100-00 

The oil obtained by (2) yields by analysis 4*0 to 5-1 pts. hydrogen 
to 3() pts, carbon (Wcrtheini). 

Decomposition, Oxide of allyl oxidizes very quickly when exposed 
to the air. 


Nitrate of Silver and Allyl. — A drop of oxide of allyl covei'cd with 
alcoholic nitrate of silver, immediately becomes filled with crystals of 
this compound. — When rectified oil of prlic is mixed with an excess of 
strong alcoholic solution of nitrate of silver, and left in a dark place, 
nitric acid is set free, and a mixture of sulphide of silver and nitrate of 
silver and allyl gradually deposited: 

CTPS + 2(AgO,NOS) = CWO,AgO,NO'^> + AgS + NO«. 

After 24 hours, the liquid is rapidly heated to the boiling-point, filtered 
hot from the sulphide of silver, and then left to cool, whereupon it deposits 
white, highly lustrous prisms united in groups, which, after being washed 
with alcohol, then with a small quantity of water, and pressed, form a 
white, shining crystalline powder. The crystals blacken pretty quickly 
when exposed to light or heated to 100°, but without further pcrccptiblo 
decomposition. When raised to a higher temperature, they burn quickly 
away with slight detonation, and leave metallic silver. They are quickly 
decomposed by fuming nitric acid. Hydrochloric acid separates all the 
silver in the form of chloride, a peculiar odour being «at the same time 
evolved. Sulphuretted hydrogen precipitates sulphide of silver from the 
solution of the crystals. They dissolve freely in aqueous ammonia, and 
form a liquid containing argentonitrate of ammonia and having a few 
drops of oxide of allyl floating on it. — The crystals dissolve readily in 
water, slowly in cold alcohol and ether, but much more freely in thoso 
liquids at higher temperatures. 


Crystallized, 


Wcrtlieim, 
a, h. 


6 C 

36 

.... 16-44 ... 

lG-22 

.. 16--17 

5 H 

5 

.... 2*28 ... 

.... 2-20 

.. 2*29 

Ag 

108 

.... 49-32 ... 

.... 49-21 .. 

.. 49*61 

N 

14 

.... 6-39 ... 

.... 6-35 


7 0 

56 

.... 25-57 ... 

.... 25-96 


... 

. 219 

.... 100-00 .... 

.... 100-00 



The crystals a were prepared with oil of garlic j from oxide of allyl prepared 

ty (2). 
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Acrol. 

Bbandes. iV. Br. Arch. 15, 129. 

Redtenbaciiek. Ann. JPIuirm. 47, 114. 

Acrolein, Acryloxydhydrat {Krylaldid, Nckryle], 

J. A. Buclmor {Mag, Fliarm, 4, 285), by subj ecting bog’s lard to 
dry distillation, and partially rectifying the distillate over lime, obtained 
a pale yellow, -very Yolatilo, neutral distillate, which had a pungent odour, 
dissolved in acids, and abundantly in alcohol. A mouse immersed for one 
minute in air impregnated with the vapour, and then taken out, died in 
fifteen minutes. This distillate was undoubtedly rich in acrol. — Braudes 
(1838) repeatedly rectified with a cooled receiver the empyreumatic oil 
obtained by dry distillation of cocoa-fat and other glycerides, collecting 
only the sharp-smelling poi’tion which first passed over; removed the 
admixed acid and the water by placing the product in contact with 
carbonate of lime, and afterwards with chloride of calcium; and fimiUy 
obtained by repeated fractional distillation, a thin, transparent, colourless 
oil, which evaporated in the air, had a specific gravity of 0*781, and an 
intolerably sharp odour, like that of concentratod mustard-water, llo 
rightly regarded it as a now compound, Acrol, contaminated however 
with empyreumatic oil. This impure acrol exhibited the following i)ro- 
pertios. After being kept for some years in a sto])pcrcd bottle, it lost 
nearly all its odour, and then exhibitc<l the character of eupiono. It was 
gradually rcsinized by oil of vitriol. It was insoluble in water, but 
when shaken up with that liquid, lost nearly all its sharp odour, the 
water at the same time becoming slightly acid, but when subsequently 
distilled with the water, on which it floated, it recovered its odour. 
When the oil which had been deodorized by agitation with water, was 
distilled with soda, the first portions which distilled over had a rather 
sharp odour, but the rest had none; and the residue, when again distilled 
after supersaturation with phosphoric acid, yielded an oil which had no 
pungent odour. Aqueous ammonia or potash deprived the impure acrol 
of its odour, hut did not dissolve it. It dissolved in other and in strong 
alcohol, hut not in spirit of 75 por cent. — Bodtcnbachor, in 1843, first 
succeeded in preparing pure acrol, and investigating its properties with 
accuracy. 

Formation, By the dry distillation of glyccrino and nearly all 
glycerides (VII, 227); also by distilling glycerine with anhydrous 
phosphoric acid, bisulphatc of potash, or sulphuric acid. 

Preparation. Acrol cannot he obtained in the pure state by the dry 
distillation of glycerides, because it cannot he completely separated from 
the empyreumatic oils which are formed at the same time, and some of 
which have nearly the same boiling-point. Neither is the dry distilla- 
tion of glycerine itself adapted to the purpose, since the greater part of 
the glycerine passes over Undecomposed, and the residue froths over. — 
The best mode of preparation is to distil glycerine with an excess of 
anhydrous phosphoric acid or bisulphatc of potash. — When phosphoric 
acid is used, the distillate consists entirely of acrol, but the viscid residue 
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is very apt to frotli over; ‘wlion Lisulpliato of potasli is employed^ tlio 
distillate is contaminated with acrylic acid, siilpliurons acid, and otlior 
products. Tlie vapours aro passed throngli a condensing tube surrounded 
v^itli cold *watGr, into a wcll-coolod tubulated receiver, to tlio tubulus 
of wbicli is adapted a long tube, to convoy tlio uncondeused vapours into 
an empty bladder, or into tbo cbimnoy, or out of the window, so that 
they may not hurt the eyes of the operator. — The entire distillate, con- 
sisting of a lower watery layer (an acpicous solution of acrol, and perhaps 
also of acrylic and sulphurous acids) and an upper oily stratum (a mixture 
of acrol and an oil which smells like acrylic resin) is digested with oxide 
of lead till the acid reaction disappears; the acrol, together with a small 
quantity of water, distilled off in the water-bath; the distillate left in 
contact with perfectly neutral chloride of calcium, and separated thoro- 
fi'om by rodistillation on the water-bath. — As acrol oxidizes very rapidly 
in the air, all these operations, from the digestion with oxido of load to 
the JSnal distillation, must be performed in a connected apparatus pre- 
viously filled with dry carbonic acid gas. To protect the eyes also, the 
last receiver, which is otherwise closed, must bo connoctod with a chloride 
of calcium tube, and this connected air-tight with a bladder full of 
carbonic acid; at the beginning of the operation, the a])paratus is filled 
with the gas by compressing this bladder, and during tho distillation, 
part of the gas again goes into it. Without these precautions, tho acrol 
would acquire an acid reaction, and its vapour mixing with tho air would 
attack the eyes terribly. The quantity of acrol obtained varies according 
to the beat applied in distilling the glycerine with phosphoric acid or 
bisulphate of potash, but is always small (Redtenbacher). 

Tfoperties. Transparent, colourless oil, which refracts light strongly, 
and is lighter than water. Boils at about 52°, and yields a vapour whoso 
density is 1‘897. Tho vapour, when diluted with a very largo quantity of 
air, has a somewhat ethereal and not altogether unpleasant odour; but 
even a few drops of acrol evaporating in a room, are enough to bring a 
whole company to tears, causing also violent burning and reddening of 
the eyes, and a feeling of lassitude, which, if the quantity of acrol is 
somewhat larger, may increase to fainting, but produces no further 
bad consequences. If, however; tho , oxfosure to the vapour bo often 
repeated, every fresh exposure produces inflammation of tho cjos, which 
lasts for several days. Acrol has a burning taste. In the pure state or 
in aqueous solution^ it does not redden litmus paper, so long tis no acrylic 
acid is forined from it*by tho action'of the air (Ilcdtcuhachcr). 




Redtenbacher. 


VoL 

Density. 

6 C 

.. 36 . 

... 64*29 .... 64-58 

C~vapour 

.. C . 

2-49(50 

4 H 

.. 4 . 

... 7*14 .... 7*38 

H-gas 

.. .4 . 

.. 0-2772 

2 0 

.. 16 . 

... 28*57 .... 28-04 

0-gas 

. 1 . 

.. 1*1093^ 

C«HS02 

.. 56 . 

... 100-00 .... 100-00 

Acrol- vaj)Our 

. 2 . 

3-8825 





1 . 

1-9412 


The analysis by Redtenbacher given in the table, yielded tho greatest 
quantity of carbon; in four other analyses, the amount of carbon varied 
from 61*03 to 63*57. — The radical -theory supposes acrol to contain a 
hypothetical radical Acryl = C'H®, which, with 1 0, forms the hypo- 
thetical OxidQ of Acryl 1 and this with HO forms acrol or 
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Hydrated Oxide of Acryl = C^I-PO + HO. — Mesitic aldeliydo (p, 20) ia 
isomeric with acroL 

Decompositions, 1. Acrol remains hut a short time unaltered, oven in 
close vessels, soon becoming turbid and then solidifying in the form of 
disacryl, partly hoccnlont, partly compact (or in rare cases, a,H disa.cryl- 
resin). Solidification often lakes place in a few miimtos after the purifi- 
cation of the acrol, oven when it is enclosed in a scaled tube; likewise 
under water, which then takes up acrylic, formic, and a largo (piantity 
of acetic acid. If the scaled tube be opened after several weeks only, 
the solidified mass contained in it still omits the odour of acrol, ami 
reddens litmus not immediately, but after a short time, According to 
Kedtenbachcr’s view, the acrol is hereby resolved into disacryl and a 
hydrocarbon which remains mixed with it, but in presence of air and 
water, produces the three acids: 

20^0^02 = + C2H. 

Disacryl. 

[Disacryl is perhaps a compound polymeric with acrol, corresponding to 
the polymeric compounds of aldehyde (VIII, 281 ), and its formation is 
independent of the production of acid which takes place at the same time 
under water]. 

2. Acrol passed through a red-hot tube yields carburedtod bydrogon 
gas, water, and charcoal, which is deposited on the sides of the vossol.— - 
3. It is easily set on fire, and burns with a bright white flame. — 4. When 
exposed to the air at ordinary temperatures, it is converted, partly as in 
(1) into disacryl, partly, by rapid absorption of oxygon, into acrylic acid. 
The aqueous solution likewise quickly takes fire on exposure to the air. 
A drop of acrol placed upon litmus paper, solidifies in the fornr of a white 
powder, round which the paper exhibits a red colour. In some instances, 
no disacryl is formed but only a red spot. — 5. Witli cldorine or bromine, 
acrol forms hydrochloric or hydrobromio acid and a heavy volatile oil, 
from which it is difficult to oxpol the last traces of the hydrogou-aoid. 

G. Acrol dissolves in nitric acid, with coi)ious evolution of nitric 
oxido, amounting almost to explosion, and forms acrylic acid. — 7. By 
cold oil of vitriol, it is iminediatoly blackenod and carbonijsod, with evolu- 
tion of sulphurous acid. — 8. Broiu oxido of silver it reduces tho iuotal, 
with evolution of boat which.risos to tho boiling point, and formation ^ol 
acryl ato of silver: ^ , 

^ * C'dr^o* + 3Agq =:= + ‘2Ag no.* * - 

With nitrate of silver, acrol forms a white, curdy j>rccipitato, which wbou 
left for some time under the -liquid, or collected on a filter and washed, is 
completely reduced to metallic silver, tho odour of acrylic and acetic acid 
being likewise evolved. This precipitate is perhaps a compound of oxido 
of silver with aorylov^ acid, a substance not otherwise known; that is to 
say =AgO,C''H^O^. [According to tho nucleus-theory, this formula is scarcely 
admissible.] When a few drops of ammonia aro added to tho mixture of 
acrol and nitrate of silver, and the liquid hollod, the silver is likewise 
reduced, but not in the form of a mirror, — Acrol may be distilled with- 
out alteration over peroxide of lead. — 9. Aqueous fixed alkalis act 
strongly iipon acrol, converting its sharp odour into an odour like that of 
cinnamon, and producing two or three different acrylic rosins. 
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ComlinaHons, Acrol dissolves in about 40 pts. of water at 15*^, 
imparting its taste and odour: the solution quickly turns acid on exposure 
to the air. 

Wliou an ctlicreal solution of acrol is brouglit in contact wiili anuno- 
niacal gas or aqueous A9)mooiia, the odour of tlio acrol gradually disap- 
pears; and a wliitc, aniorphons, inodorous, and indiHerent body soparatos 
out. 

JtJlIicr is ilie best solvent of acrol (Hedtcnbaclier). 


Appendix to Acrol. 

DisacryL 

Kedtenbaciter. Ann. Fliarm. 47, 141. 

Formation (p. 3G7). 

iPrep^aration. — 1. Acrol is placed underwater till it lias deposited 
white, curdy flakes, wliich must then be washed with water. — 2, The 
most volatile products of a distilled glyceride are immersed in water, till 
the water becomes acid and disacryl is formed; the disacryl is then freed 
from the admixed empyreuuiatic oils, by washing on a filter with 
alcohol. 

Properties. Fine, loosely coherent, amorphous powder; tasteless, 
inodorous, and becoming strongly electric by friction. 

Calculation, accoiding to Redtenbacher. Redtenbaclier. 

10 C 60 .... 60-61 61-16 

7 H 7 .... 7-07 7-43 

4 O 32 .... 32-32 31-41 


Ci^llW 99 .... 100-00 100-00 

[Perbaps polymeric willi acrol, therefore possibly = C^^H.^0*.] 

Disacryl dissolves slowly in melting liydrato of potash; acids added 
to the aqueous solution of the resulting mass throw down wlxitish flakes. 

' Disacryl is insoluble in water, acids, alkalis, sulphide of carbon, and 
oils both fixed and volatile (Redtenbacher), 


Acryl-Eesins. 

Acrol treated with an aqueous fixed alkali, is converted into a resinous 
mass, part of which remains dissolved in the alkali. Instead of pare 
acrol, the most volatile product obtained by the distillation of a glyceride 
may be used. Hydrate of lime turns this liquid brown, and becomes 
surrounded with a brown, dendritic, resinous mass, part of which is 
soluble in a mixture of ether and alcohol, the rest insoluble. 

a. The resin insoluble in a mixture of ether and alcohol, when freed 
by distillation from the solvent and washed with water and hydrochloric 
acid, forms a light yellow powder, having an odour of cinnamon, 

A The portion insoluble in ether and alcohol, when mixed and com- 
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bmed with lime, and treated, jfirst 'W'itli cold, tlien witli liot water, yield 
an aqueous solution of a compound of resin and limo, from wliicli hydro- 
chloric acid throws down yellow flocks of a resin 6, a. — The portion 
insoluble in hot water, when purified by hydrochloric acid and water, yiedds 
the rosin, 5, /3. 

All these throe resins are very difficult to dry on the water-bath; they 
become strongly electrical by friction ( Ecdteiibacher, A7in» 


47, 14d), 

Kedtenbaclier. 

a. b, a. b, /3. 

C 59-03 .... 59*15 .... 60*04 

H 6-G9 .... 7*00 .... 7-47 

O 34-28 .... 33*85 .... 32*49 


100*00 .... 100*00 .... 100*00 


Disacryl-resin. 

Once obtained instead of disacryl, from acryl which had been kept 
for some time, probably because the mass after solidification bad been 
too quickly thrown on the filter and washed. 

White powder, fusing at 100", and solidifying when cold, in the form 
of a pale yellow, tiaiisparcnt, brittle mass. Separates from the alcoholic 
solution by evaporation, in shining, brittle, amorphous scales. In the 
state of alcoholic solution, it reddens litmus. 

Insoluble in water, but soluble in aqueous alkalis, from which it is 
precipitated by acids, with separation of a milky liquid, and separates 
in coherent masses when heated. — Its alcoholic solution precipitates the 
salts of lead, copper, and other heavy metals. — It dissolves in ether and 
in alcohol. The latter solution forms with water a milky liquid, from 
which the resin separates in the aggregated state on heating the mixture 
(Eedtenhacher, Ann, Pharni, 47, 144). 

Calculation, according to Eedtenhacher. Eedtenhacher. 

20 C 120 .... 6G*30 66*58 

13 H 13 .... 7*18 7*39 

GO 48 .... 26*52 26’*03 


181 .... 100*00 100*00 


Acrylic Acid. C'H'0‘. 

EEDTEKBAcnuE. Ann. FJiarm. 47, 125. 

Aerphdure, Acide acryligue. — Discovered hy Eedtenhacher in 1843. 

Foimation, By the action of air, nitric acicl, or oxide of silvGl*, Oil 
dry or aqueous acrol (p. 367). 

Prepamiion, a. Of the Biher-salt, A glyceride is subjected to dry 
distillation; the more volatile products collected in a cooled Woulfc's 
apparatus; the empyreumatic oils wliich condense therein, rectified; only 
the portion which passes over up to 60®, collected; and impure acrol obtained 
from it by rectification over chloride of calcium. This impure acrol is 
poured through an S-tuhe into a flask containing oxide of silver, and 

VOL. IX. 2 B 



370 


ACUENB: PRIMARY KUCLEUS cm 


liaving iusorfccd tliroagli its cork auotlioi* long iubo wliicli passes upwards 
and must bo kept cool, so tliat tlio aorol-vapours, rising from tlio li(pud, 
wliicIi soon begins to boil, may coiidonso and flow back. Wlion tho 
liquid baa stood till tlio odour of acrol is no longer porcoptiblc, wliicli 
soinotimcs iakos several days, small quantities of water are repeatedly 
introduced into tlio flask, and the liquid repeatedly distilled, till no more 
empyreumatic oil (colourless and smelling like oupionc) passes over. The 
residue in the flask is tlion boilc<l up with a larger quantitjr of water; tho 
liquid filtered hot from the reduced silver; the crystallization of the acry- 
late of silver eflccted by cooling in tho dark; and the residue in the flask 
repeatedly boiled with tho mother-liquor of tho crystals obtained at each 
operation, as long as tho filtrate continues to yield crystals on cooling. 
The mother-liquid ultimately remaining, still yields, when exposed to a 
freezing temperature, a few white, pearly, crystalline scales, but docs not 
deposit any more crystals on evaporation, because it is then decomposed, 
with reduction of silver and evolution of acrylic and acetic acid. The 
crops of acrylate of silver obtained by repeated cooling, form caiiliflowcr- 
like bundles, of the size of nuts, which, if covered with a fine powder of 
reduced silver, may he easily freed from it by levigation. As they still 
contain empyreumatic oils, and cannot he purified by rccrystallizatiou, 
because they would be thereby in great part decomposed, with reduction 
of silver, they must be dissolved in water; tho silver precipitated by 
sulphuretted hydrogen; the filtrate neutralized with carbonate of soda, 
and evaporated to dryness; the soda-salt distilled with sulphuric acid; 
the distillate of acrylic acid saturated with oxide of silver at a boiling heat, 
and filtered boiling; and the filtrate cooled : the pure silver-salt is thou 
obtained in shining needles. 

&. Bre’paration of the Free Acid, — Sulphuretted hydrogen is passed 
over tho pure silver-salt contained in a bulb blown in tho middle of tube, 
and surrounded with ice at first, but afterwards heated so that the acid may 
distil over. The acid is then freed from sulphuretted hydrogen by 
rectification: the portion which first passes over contains more water than 
the last third. If tho bulb ho not cooled, an evolution of heat takes 
place sufiScient to cause slight explosions, attended with partial decom- 
position of the acid and formation of water. This decomposition is not 
wholly prevented, even by surrounding tho bulb with ice, whence tho 
acid obtained is not quite anhydrous. 


Properties. Transparent, colourless liquid, which docs not solidify 
at 0^. Boils above 100°, apparently with greater facility than acoti'c 
acid, and passes over undocomposed. [This does not a^rroe with the boiling J)0infc 
theoiy, according to which,' should have a higher boiling point than C'llk)*.] 

— Has a pleasant sour smell like that of acetic acid, hut at tho same time 
rather empyreumatic, liko^ sour roast moat. Tastes purely acid, and in 
the dilute .sUte, like acetic acid containing a small quantity of some 
empyreumatic substance. 


6 C 

3G . 

... 50-00 

Eedtenbacher. 
47-,W 

4 H 

4 . 

... 5-56 


4 0 


... 44-44 

4G-39 

OTW 

72 . 

... 100-00 



In consequence of the unavoidable adnaixture of a small quantity of water, the 
quantity uf carbon obtained was too small. — According to the radical-tlioory, the 
compound is ^ HO = Hydrated oxide of acryl 
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Decompositions. 1. Acrylic acid is coiiTcrted by nitric acid and oilier 
powerful oxidizing agentp^ into acetic acid, formic acid, and tlio oxidation- 
products of tlioso two acids: 

mw + 2110 + 20 = C-iII'iO't + 

Dilute sulpluxric and liydrocldoric acid do not decompose it. — 2 When 
treated for sonic time with aepeous fixed alkalis [in excess], it forms 
acetates. 

Comlinatmis. The acid mixes with Wdte7^ in all proportions. 

The Acrylates exhibit reactions similar to those of tlio acetates and 
formiates. They all dissolve readily in water, excepting tho silver-salt 
which dissolves with difficulty. 

A opiate of Soda. Tho acid neutralized with carbonate of soda, 
yields on evaporation, small transparent prisms, which clilorcsco on 
exposure to tho air, give off 32-5 j).c. water at tho temperature of the 

water-bath, and swell up when more strongly heated. They dissolve 

readily in water. 

At 100°. Redtenb. Rcdtenb, 

NaO 31*2 33*12 .... 32-96 NaO,... 31*2 .... 22*41 

C^H'W .... 63-0 .... 66*88 CTW 63*0 .... 45-27 

5 HO .... 45*0 .... 32*32 .... 32*5 


CT-PNaO* 94-2 .... 100*00 +5Aci.... 139*2 .... 100-00 

Acrylate of Baryta. — Tho saturated solution of carbonate of baryta 
in tho aqueous acid dries up by evaporation to a brittle amorphous gum, 
which contains 54*30 p.c. baryta, and dissolves readily in water and 
sparingly in alcohol. 

Acrylate of Silver, Tho perfectly pure salt (pp. 370, 371) dried over 
oil of vitriol in vacuo, forms flexible needles having a silky lustre, or a 
sawdust-liko powder consisting of delicate needles and having a slight 
metallic taste. It blackens slowly when exposed to light, but very 
quickly when heated to 100^, especially if it bo moist. When heated 
above 100°, it detonates very slightly, giving off a yellow acid vapour, 
and swells up strongly, forming a network of carbide of silver, which 
docs not give ofl‘ the last traces of carbon till it has been heated for a long 
time in the air. The aqueous solution of the salt, when evaporated, gives 
off vapours of acrylic and acetic acid, and deposits nearly all the silver; 
hence it cannot be rccrysiallized without groat loss. — Tho silver-salt still 
contaminated with cmpyroumatic oil, which crystallizes out as the solution 
cools (p. 370), forms cauliflower like masses, composed of delicate four- 
sided prisms with rounded terminations. — The impure salt obtained by 
the freezing of the mother-liquid (p. 370), consists of white pearly scales 
(Redtenbacher). 


AgO ..... 

Crystallized. 

116 

64*80 ....... 

a. 

. 64-63 

h. 

... 64*15 . 

UUUJliUl. 

c. 

... 62*81 . 

d. 

... 63*34 

6 C 

36 

20*11 

, 20*32 . 

... 20*31 . 

... 20*71 . 

... 20*51 

3 H 

3 .. 

.. 1*68 

1*86 . 

... 2*00 . 

... 1-90 . 

... 1*98 

3 O 

24 .. 

.. 13-41 

.. 13-19 . 

... 13*51 . 

... 14-52 . 

... 14*14 

C^H^AgO^ 

.... 179 ... 

.. 100*00 

. 100*00 , 

... 100-00 . 

... 100*00 . 

... 100 00 


a is the pure needle-shaped, h the pure sawdust-like salt; c the impure cauliflower- 
like ; d the pure scaly salt. 


2 B 2 
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Conjugated Oonipound. 

Acrylic Ether. C'»I-P0‘=Chl'0,C“ir0»? 

Redtcnbaclior did not succeed in preparing tLis compound in tlio pure 

state. 

1. When concentrated acrylic acid is distilled with a mixtiiro of 
alcohol and oil of vitriol, the distillate purified by aqueous carbonate of 
soda, then dried over chloride of calcium and rectified, a liquid is 
obtained, containina; only 49*5 X->-c. carbon, and consistinp^ chiefly of 
formic ether, but exhibiting a faint odour of horsG'radish. Perhaps the 
acrylic acid used contained formic acid. 

2. When oil of vitriol and alcohol are distilled with acrylate of soda 
or baryta, and the distillate purified by water and carbonate of soda, a 
liquid is obtained, which is not very thin, boils at 63^, and lias an 
agreeable aromatic odour, like that of formic ether and of horse-radish. 
Chloride of calcium, placed in contact with this liquid, takes up watoi’, 
and becomes at first translucent and crystalline, but after twelve hours, 
white and pulverulent. The supernatant liquid, though unaltered in 
odour, is thinner, and yields by rectification a product containing 55*34 
per cent C, 9*38 H, and 35*28 0, and therefore exhibiting the composi- 
tion of acetic ether. But the somewhat too great amount of carbon, 
and the still perceptible odour of liorse-radisb, show that undccomposcd 
acrylic ether still remains behind. Either acetic acid was formed as soon 
as the sulphuric acid began to act, or the acrylic ether formed at the 
commene'ement of the process, was subsequently converted by the chloride 
of calcium, which perhaps contained free lime, into acetic ether (Redten- 
bacher, An7i. JBharm, 47, 131). 


Oil of Garlic. C«H'S=C«H*,HS. 

Wertheim. Ann. Plmrm . 51 , 289 ; 55 , 297 . 

JSuIp/iide of Alhjly Knohlaucht^U ScTiwefeldllyl [ScJiw^dhryUfef, Lofahryle], 
Cadet (Jl P/iys. 95, 106; abstr. N, Gehl, 5, 354) examined the oil 
obtained by distillation from garlic bulbs, and Fourcroy Si Yanquolin 
tbe oil obtained from the juice of the bulbs of Allium Gopa^ wbereby 
they obtained the following results: Oil of garlic is yellow, heavier than 
water, very volatile, of powerful odour, sharp taste, and reddens the 
skin. It blackens recently precipitated hydrated protoxide of iron, but 
not oxide of bismuth or other metallic oxides. — Oil ofonioois is colour- 
less, volatile, of sharp taste and odour. Its aqueous solution gives a 
yellow precipitate with neutral acetate of lead; covers the copper still in 
which it is distilled, with sulphide of copper; and precipitates baryta- 
salts after being treated with chlorine. — But the first acciii’ato investi- 
gation of oil of garlic was made by Wertheim in 1844. 

Sources. In the bulb of All km sativum; in the leaves of Brysimum 
AlUaria {Alliaria off,) whereas the roots of that plant contain oil of 
mustard (Wertheim); also, together with 3 0 per cent of oil of mustard, 
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in tlio bcrb and «cccls of Thlaqn avvense, passing over wlion tbeso mattery 
arc bruised witli water and distilled. — The leaves of E) yslmum Alliaria 
when distilled with water yield oil of garlic; the seeds, oil of mustard 
CWortheim). The bruised seed distilled after maceration in water, yields 
a mixture of 10 per cent oil of garlic, and 00 oil of mustard; but the 
seed produced in sunny places yields only the lattei*. The herb and seeds 
of yield a mixture of 90 per cent oil of garlic, and 10 

oil of mustard. The herb and seeds of Iheris amara likewise yield a 
mixture of the two oils; and very small quantities of the same mixture 
are obtained from the seeds of Ocqysella JBursa Fasioris, Baplianus 
BapJiankinm^ and Smjmhritmi Kcutiirtimi (Pless, Ann. Fhami. 58, 36). 

To obtain the whole of the mixed oils, the several parts of the plants, 
especially the seeds, must bo macerated in water some time before distil- 
lation. For, in the seeds of Tkkupi arvense, for example, the oils do not 
exist ready formed. The seeds, in fact, emit no odour when bruised; and 
if before distillation with water, they are heated to 100^, or treated with 
alcohol, no oil passes over; and if the seed he exhausted with alcohol, 
and the filtrate evaporated, there I’cmains a crystalline residue mixed 
with mucus, which, when triturated with water and with the seed of 
JSinapis arvensis, yields, not oil of garlic, but oil of mustard. To sepa- 
rate the two oils, and distinguish them with accuracy, the mixture may 
be saturated with ammoniacal gas, and distilled with water: thiosinuaminc 
then separates from the residue, and the distillate neutralized with 
ammonia and distilled with sulphuric acid, yields an oil having a pure 
garlic odour, and whose alcoholic solution forms with bichloride of 
platinum, the yellow platinum-precipitato to bo described below: from 
the quantity of this precipitate, that of the garlic-oil may bo calculated. 
Or the mixture of the two oils, after addition of a small quantity of 
alcohol, may he immediately precipitated by chloride of platinum, the 
precipitation being accelerated by agitation; tbe oil of mustard imme- 
diately distilled over with water; and the quantity of oil of garlic deter- 
mined from that of the platinum-precipitato. If the distillation bo nof 
performed immediately, the oil of mustard is decomposed in a few days 
by the excess of chloride of platinum, and the precipitate somewhat 
increased (Plcsa, Ann. Fharm, 58, 36). 

Formation, By treating oil of mustard with protosulphido of potas- 
sium, in the manner described for the preparation of oxide of allyl 
(compare also Oil ((f' Mustard. Decompositions). 

Preparation, a. Of crude Oil of Garlic. By distilling bruised garlic- 
bulbs with water in a largo still. — The oil passes over with the first 
portions of water, the product amounting to 3 or 4 oz. from 100 pounds 
of the bulbs. The milky water which passes over at the same time, 
contains a large quantity of oil in solution, and serves therefore for 
cohobation. The crude oil is heavier than water, of dai’k brownish yellow 
colour, and has a most intense odour of garlic. It decomposes at 140°; 
that is to say, somewhat below its boiling-point, which is about 150° 
becoming suddenly heated, assuming a darker colour, and giving off 
intolerably stinking vapours, without yielding a trace of garlic-oil; the 
residue is a black-brown, glutinous mass (Wertheim), 

h. Preparation of the rectified oil. The crude oil is distilled in a salt- 
bath (in the water-bath the distillation is slower) as long as anything 
passes over. One-third of tbe crude oil remains behind as a thick dark* 
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Thrown rosiduo. — Tho rootificd oil ia liglitor tlian water, and of a pale 
yellow oolour, or after two diatillationa, colonrloas, and smells like tlio 
crude oil, tliougli less oilbusivo. Docs not evolve a trace of ammonia 
wlimi treated witli hydrate of potavsh. It covers potassium with a liver* 
coloured iilm of sulphide of potaBsiuin, depositing an organic substanoo, 
and giving off a small (quantity of a gas which burns with a pale blue 
flame. With fuming nitric acid, oil of vitriol, hydroohlorio acid gas, 
dilute acids and alkalis, corrosive sublimate, nitrate of silver, bichloride 
of platinum, and nitrate of palladium, it behaves like pure oil of garlic 
(sulphide of allyl). Even after being several times rectified and dried 
with chloride of calcium, it exhibits a variable composition and a certain 
amount of oxygen, and must therefore contain, besides sulphide of allyl, 
an oxygen-compound, probably oxide of allyl, the presence of which is’ 
indeed indicated by the reaction with potassium (Wertheira). 

Three samples exhibited the following percentages of 0 and H ; 

C 55-39 59-06 60*57 

H 7*70 8-19 8-40 

c. Freparation of Pure Oil of Garlio or Sulphide of Allyl. Tho 
rectified oil is again rectified several times; dehydrated over chloride of 
calcium; decanted; a few pieces of potassium introduced into it ; and as 
soon as the evolution of gas thereby produced has ceased, tho oil is 
quickly distilled off from the residue. The rectified oil appears to con- 
tain oxide and sulphide of allyl, together with excess of sulphur, those 
impurities either pre-existing in tho crude oil, — as already mentioned 
respecting oxide of allyl (p. 363), — or being formed from sulphide of 
allyl by tho action of atmospheric oxygen, that portion of tho sulphide 
which takes up the oxygen giving up its sulphur to tho rest. If tho 
potassium be not suffered to complete its action before tho liquid is dis- 
tilled, it merely removes the excess of sulphur, but does not decompose 
the oxide of allyl; and a distillate is obtained, containing from 65*17 to 
* 64*75 per cent C, and 9*22 to 9*15 H (Wertheim), 

Frojierties. Colourless oil, of great refracting power, and heavier 
than water. May bo distilled without decomposition. Smells liko 
tho crude oil, but loss disagreeably; in short, exactly liko tho rootificd 
oil. 


6 C 

36 

... 63*16 .. 

Wertheim, 
63-22 

5 H 


... 8-77 .. 

8-86 

S 

16 . 

... 28-07 .. 

27-23 

cws 


... 100-00 .. 

99-31 


Decompositions. 1 . Sulphide of allyl dissolves with violent action in 
fuming nitric acid; the solution when diluted with water, deposits yel- 
lowish white fiakes, and is found to contain oxalic and sulphuric acid; 
according to Hlasiwetz (J. pr. Chem. 51, 355) oil of garlic treated with 
nitric acid, yields formic and oxalic acid. — 2. With cold oil of vitriol, 
it forms a purple solution, from which it is separated by water, appa- 
rently without alteration. — 3. It absorbs hydrochloric acid gas in 
abundance; the deep indigo-coloured mixture becomes gradually deco- 
lorized on exposure to the air, and immediately if gently heated or 
diluted with water. — > 4. From nitrate of silvci’, it throws down a largo 
quantity of sulphide of silver, whilst nitrate of silvor and allyl remains 
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ib solution (Wortlioim). — It is not altered by dilute acids or alkalis, or 
by potassium. 

Cojiihinations. Oil of garlic dissolves sparingly in water (Wor- 
tbeim). 

Snlpbido of allyl does not precipitate tlie aqueous or alcoliolic solu- 
tions of acetate or nitrate of load or acetate of copper; neitlior does it 
precipitate tlio solution of arsenious or arsenic acid in aqueous sulphide 
of ammonium (Wortlioim). 

Mermr^-precipitate. — Alcoholic solutions of oil of garlic and cor- 
rosive sublimate form a copious white precipitate, which, when loft to 
stand for some time, and especially if diluted with water, increases to a 
still greater quantity. It is a mixture of the compounds a and which 
may bo separated by continued boiling with strong alcohol, only the 
compound a being soluble therein (Wertheim). 

a. Separates from the alcoholic filtrate, when left to itself or evapo- 
rated with water, and after washing and drying, forms a white powder. 
Blackens superficially on exposure to the sun; when heated, it gives off 
vapours smelling like onions, and yields a sublimate of calomel and 
mercury. When immersed in moderately strong potash-loy, it acquires a 
light yellow colour from separation of oxido of mercury; if this oxide 
be then removed by dilute nitric acid, there remains a white substance, 
probably = C‘‘Ii^S,2HgS. — When distilled with snlphocjanido of potas- 
sium, it yields oil of mustard, together with other products. (Vid. Forma-^ 
tion of Oil of Mustard), — It is insoluble in water, and dissolves but spar- 
ingly in alcohol and ether (Wertheim), 

Wertheim. 


12 C 72-0 .... 11-32 10-91 


X£> 

10 H 

10-0 .. 

. IX .... 

. 1-57 .... 

.... XV 'JX 

.... 1-61 

4 Hg 

4000 .. 

. 62-87 .... 

.... 63-67 

3 S 

48-0 .. 

. 7-54 


3 Cl 

106-2 .. 

. 16*70 .... 

16-41 


CWS,2HgS + CWCh2HgCl 636-2 .... 100-00 


[May also be written : 2C^H’’'S,ngS,3HgCl. — Gerhardt (Compt, rend, mensuels, 
1, 12) prefers the formula which is certainly simpler, but requires less 

mercury and much more chlorine than Wertheim found.] 

A The portion of the mcrcury-prccipitato insoluble in hot alcohol 
contains the same constituents, and has the carbon and hydrogen like- 
wise in the ratio of 6 : 5 At., but is much richer in mercury (W crthcini). 

Siher-pTecipUate. — ^ When a solution of nitrate of silver in aqueous 
ammonia is mixed with excess of sulphide of allyl, one portion of the 
compounds resolves itself into oxide of allyl, which rises to the surface 
as an oil, and nitrate of ammonia; hut there is also formed at the begin- 
ning, a white or palo yellow precipitate, wnich perhaps consists of 
C®H®S-l-xAgS. For if it he immediately washed with alcohol, and dried 
between paper, it is resolved by distillation into sulphide of allyl and 
a residue of sulphide of silver. But if it remains half an hour immersed 
in the liquid, it assumes a continually darker brown colour, and is finally 
.converted into black sulphide of silver (Wertheim). 

Gold-precipitate, — Sulpbido of allyl forms, with aqueous terohloride 
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of gold, a bcatitiful yellow precipitate, which rosomhlc'S the platinum- 
precipitate, but soon cakes together in resinous masses, and becomes 
covered with gold films (Werthoim). 

Flatiniim-preci'pitate, — Oil of garlic forms a yellow precipitate with 
bichloride of platinum. This precipitate is obtained of a finer yellow 
colour by the use of alcoholic solutions; when strong alcohol is used, how- 
ever, its formation is gradual, but becomes instantaneous on addition of 
water. If tlio'waterbc added too quickly and in too great quantity, tbo 
precipitate is yellowish brown, resinous, and difficult to purify; the addi- 
tion of water must therefore be stopped as soon as a strong turbidity 
appears; in that case, if the oil of garlic is not in excess, a copious 
flocculent precipitate is sure to be obtained resembling chlorophitinato of 
ammonium. The precipitate is washed on the filter, first with alcohol, 
then with water, and dried at 100°. — Wlicn heated considerably abovo 
100°, the precipitate changes colour, and leaves sulphide of platinum, in 
so porous a condition that it takes fire at a higher temperature, and con- 
tinues to glow till it is reduced to pure platinum, ruming nitric acid 
decomposes and dissolves the precipitate completely, forming bichloride 
of platinum and platinio sulphate. When immersed in hydrosulphato of 
ammonia, it is gradually converted into the kermes-brown compound 
next to be described. Aqueous potash and sulphuretted hydrogen have 
no action upon it. — The precipitate is nearly insoluble iu water, and 
dissolves but sparingly in alcohol and ether (Wertheim). 


At 100% 



Wertbeim. 

24 C 

144*0 . . 

17*77 

17*85 

20 H 

20’0 .... 

2*47 

.. 2*87 

4 Pt 

396*0 .... 

48*88 

48*53 

9 S 

144*0 .... 

17*77 

18*29 

3 Cl 

106*2 .... 

1311 

13*22 




3(C“H«S,PtS2) + (C''’HSC1,PIC1=) 

810*2 .... 

lOO'OO 

aoo-j’G 


According to this formula, the compound appears to bo formed in the 
manner represented by the following equation : 

9C''dUvS + OPtCl^ ^ C2<H-WS^CF + 5(C<’H'Ol,PtC12). 

The last member of this equation appears in fact to bo produced in the 
precipitation; for when strong alcohol is used, golden -yellow, crystalline 
scales are sometimes obtained, which, however, immodratoly disa])poar on 
diluting the liquid with water (Wertheim). 


Ee^mes-lrown compound. C®H®S,PtSl — Formed, together wltli 
dissolved sal-ammoniac, when the platinum-precipitate just described is 
left in contact and shaken up with aqueous hydrosulphato of ammonia: 


C24H2opt4S9C13 + 3NH^S = 4(CWS,PtS2) + 3NH'^CL 

The brown compound heated to 100° omits an alliaceous odour, and gives 
off 4*88 p.c. (-1- At.) sulphide of allyL The darker substance containim^' 
excess of platinum which remains, continues unaltered till it is heated il 

’ n therefore 

in all 0-55 At.) of sulphide of allyl, leaving a still darker 

compoimd of 2C H S with 3PtS'. The kermes-brown compound is inso- 
luble in water, alcohol, and ether (Wertheim), 
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Kermcs -brown cowjminil, dried in vacuo. 


6C 36 .... 19-15 .... 19-37 

5 n 5 .... 2-66 .... 3-U 

PL ; 99 .... 52-66 .... 52-09 

3S 48 .... 25-53 


C'tl'S.PtSS 188 .... 100-00 


Talladium-precipitaie, 2C“H®S,3PclS. — Precipitated on gradually 
adding purified oil of gaidic to aqueous nitrate of palladium, wliicli must 
be ill excess. On mixing the alcoholic solutions of the two bodies, the 
same precipitate is obtained, but mixed with palladium^ which is quickly 
reduced from the nitrate by the alcohol. 

Loose, light kermes-brown precipitate, very much like the platinum- 
compound just described; after washing and drying, it is tasteless and 
inodorous. — The precipitate, when heated above 100"^, gives off the 
odour of oil of garlic; when more strongly heated, it burns away with a 
glimmering light, emitting an odour of sulphurous acid, and leaves 
metallic palladium. It is rapidly oxidized by fuming nitric acid, with 
formation of sulphuric acid. It is insoluble in water and alcoliol (Wor- 
tbeim). 



Dried at 100°. 


Wei’tlieim. 

12 C 

72*0 

.... 22-37 .. 


10 H 

10*0 

.... 3-U .. 

3-17 

3 Pd .. 

159-9 

.... 49-67 .. 

49-51 

5 S 

80*0 

.... 24-85 



2C«lPS,3PdS 321-9 .... 100*90 

The formation of this precipitate probably takes place in the manner 
represented by the following equation: 

+ 3(Pd0,N05) == 2CWS,3PdS + -SOTPO + 3NO^ 

When an alcoholic solution of oil of garlic is precipitated by excess of 
alcoholic nitrate of palladium, the liquid above the precipitate is of a 
deep ruby colour, and docs not dei')osit any metal, even after a consider-* 
able lapse of time, probably because the excess of nitrate of palladium is 
protccte<l from reduction by the alcohol, by entering into combination 
with the oxide of allyl simultaneously formed (Wertheim). 

With protochlorido of palladium, sulphide of allyl forms a fire-yellow 
precipitate, probably a compound of a sulphur-salt with a chlorosalt 
(Wertheim). 

Sulphide of allyl dissolves readily in Alcohol and Eihe?^ (Wertheim). 

There appears to be a Persulphide of Allyl, which sublimes wdicii oil 
of mustard is heated with persulphide of potassium, and is distinguished 
by an extremely intense odour of Asa foetida (Wertheim). 
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Amidogm-nuclmis. 

If Alkali produced by oxidatiou of Creatine, 

= C«Adl-P, 

Dessaignes. €o7n2)L rend, 38, 839. 

WliGE nitrous gas is passed into a solution of nitrato of croatino, a 
largo ([uantity of gas is evolved; and on neutralizing tlio product with 
potash, separating the greater part of the nitre by crystallization, and 
then adding nitoto of silver, crystals are obtained which dissolve in hot 
water, and after several crystallizations, exhibit the form of long white 
needles, turning slightly yellow on oxx)osuro to light. They consist of a 
compound of the base C‘^H®N with nitrate of silver. 


6C 

36 .... 

lG-00 . 

Dessaignes. 
l()-29 

5 H 

5 .... 

2‘22 , 

2-37 

2 N 

28 .... 

12-45 


H 

108 .... 

48-00 . 


6 0 

48 .... 

21-33 



C«A(lHhAgNO« .... 225 .... 100-00 

This silver-compound decomposed by excess of hydrochloric acid, 
yields the Nitrate of the base 0 ’‘H®N, in the form of a fibrous mass o f 
small prisms, having a very sour taste. 

The Chloromeronrate crystallizes in long prisms (Dessaignes). IF 


Nitrogen-nuGhm C^N’h 

Mellone. 

Liebig. jPogg, 15, 557. — Ann, JBharm, 10, 4; also Pogg, 34, 573. — 
Ann. Fharm, 30, 149;— -50, 337; 53, 330;— 57, 93; — 58, 227; — 
262. 

L. Gmelin. Ann. FJiarm. 15, 252. 

Yolcicel. Fogg. 58, 1 53 ; — 61, 375. 

Gerhardt. Oomg)t, mensueh jly 24.^ — ' Cowpi, rend. 18, 158; also J", 
Ohim. mid. 31, 438; also X pr. Ghem. 31, 438. — Gompt. immueh 
6, 104. 

Laurent & Gerhardt. Gompt. rend. 21, 679. — Qhim. Fhys, 

19, 85; abstr. Gompt. rend. 22, 453. 

Hennbberg. A7in, Fharm. 73, 228; Fharm. Centr. 1850, 296, 305; 
Ghem. 1850, 268; Gompt, mensnels 6, 98; — JahreBher, 

363. 

Mellan (Berzelius), Glaucene (Volckel). — First obtained by Berzelius, in dis- 
tilling mercuric sulpbocyanide (VIIT, 94), and by Wohler in distilling mercurous 
sulphocyanide (VIII, 94); but Liebig, in 1829, was the first who recognized and 
examined it with accuracy. 

Formation. By very gentle ignition of pseudosulpho-cyanogcn, sul- 
phocyanide of mercury, sulphocyanide of ammonium, clilorocyanamido, 

It would perhaps be more correct to raise the formula of mellone to (Gm,). 
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molamino, ainmelino, ammolido, or melam, out of contact of air (Liobig), 
Also by beating bydro 2 )orsulpbocyanio acid (Yolckol) ; or ammonio-iodido, 
animonio-broniido, or amnionio-cbloride of cyanogen (VIII, 138, 140, 145) 
(Bineaii). 

Tbo equations for tboso several modes of formation aro as follows: 
1. If we suppose, with Liebig, that mellono = tben, for tbo forma- 
tion from 2 yseuclosulplhocyanogen (according to tbo earlier supposition that 
this compound = C^NS'*^), wo bavo: 

4a-NS2 == CW + 2CS3 + 4S. 

(But, if psoudosalpbocyanogcn contains H, tben, since no products con- 
taining hydrogen are ovolvod in tbo reaction, the hydrogen must remain 
with the and consequently, when the temperature is further raised, 
the nitrogen thereby evolved will at first bo accompanied with hydro- 
cyanic vapour instead of cyanogen gas: Liebig). — With mercuric suU 
phocyanide: 

4C2NirgS2 = C°N** + 2CS2 + 4HgS; 
with sidphocyanide of ammoniimi: 

4C2N(NH‘i)S2 = CW + 2CS2 + 4HS + 4NIF; 

with hydro'pevznlpliocyanic acid: 

4C2NHS3 == CW + 2CS2 + 4HS + 4S. 


[At all events, Gerhardt adopted this last equation, so long as he regarded mcllone as 
; but according to Liebig (VIII, IOC), liydropcrsulphocyauic acid does not yield 
niellone]. — With chlorocyanamlde: 

C^N^H^Cl t= CW + NII^Cl; 


[Hero we meet with the difficulty that, according to Laurent and Gerhardt, cldoro- 
cyanide when heated, gives off not only sal-ammoniac, but likewise hydrochloric acid] . — > 
With melamine: 

CWHC = CW + 2NH3j 

with ammeline: 

CmW = CW + NI-F + 2110,- 

with ammelido: 

cr2mw ^ 2C«N-1 + NH3 + 6HO. 


2. If, with Laurent & Gerhardt, wo suppose that mellono = 
then, we have with pBcidomlphocyanoyen: 

3C«Nnis« «= + 6CS2 f os? 

with sulpliocyanide of ammonium, tho product first obtained at a gentle 
heat is polieno (melamine) : 

dCWH'iSS =* + 2CS2 + 4HS + 2NIbh 

and this melamine at a stronger heat yields mollono: 

= Qmnv + snip; 

with ammeline: 

2CWIP02 « C12N9H5 + KIP + 4HO; 

with ammelide, to which Laurent & Gerhardt assign tho formula* 
OeWH'O* = C'=]S“H3 + 3C«Nni'>0'’,+ 3C=NHO« + SNIP. 


Cyanuric acid. Cyanic acid. 



380 ACRENE: NITROGEN-NUCLEUS CN". 

[Ijtmrent Sc Gerhardt’s view does not liowevcr explain tlie formation of mellone, 
fVorn mlphocyanuh of mercury ^ unless that coiupouiul can bo sbowu to 
contain by di’Op:en. ^ — % According? to Gerhardt, (Jompt. menmelSf^t 107, snlpbocyanidc 
of mercury contains wat(jr of cry.stnUizntion, which it docs not give otf without under- 
going complete decomposition, and the mellone which It yields always contains 1*5 per 
cent of hydrogen, just us well as that prepared from pseudosulphocyanogen. f ] 

IfTeparation. A. Of crude Mdlooie. — Liebig prepared tbia com- 
pound chiefly by heating dried pseudosulphocyanogen to low redness, or 
by gently beating a mixture of sulphocyanide of i)otassium and dry 
chloride of sodium in a stream of chlorine gas, and dissolving out the 
chlorides of potassium and sodium from the residue by water. The crude 
mellone obtained by one or other of these processes was generally used by Idebig in the 
experiments about to be described, for winch indeed it is as well adapted as pure mel- 
lone, According to Henneberg, it is best to heat the dry pseudosulphocyanogen, 
first in an open i)orcelain basin, and afterwards in a covered porcelain crucible; because, 
if it be heated in a retort, the sulphur which is given off flows back again, and causes 
tbe mellone to cake together. Too much heat must also be avoided, as the incllone then 
bakes together in hard lumps. The product thus obtained has a light yellow colour" 
with a tinge of grey ; a grey or red-brown product may be regarded as a failure. — - 
2, As the complete expulsion of the sulphur from the preceding com- 
pounds requires strong ignition, and a large portion of the mellone is 
thereby decomposed, Laurent and Gerhardt prefer preparing it by heat- 
ing chlorocyanainiclc till it ceases to give off hydrochloric acid and sal- 
ammoniac; or ammelin, as long as it gives off' ammonia and water; or 
ammelide as long as ammonia, cyanic and cyanuric acids are evolved 
from it. — Volckel prepares his glaucene (mellone) by igniting his 
poliene (melamine or melam 1) for a considerable time; as however the 
point at which the evolution of ammonia ceases, is identical with that at 
whicli the decomposition of the glaucene begins, a large quantity of the 
latter is lost. Volckel likewise prepares it by rapidly heating liydropor- 
sulphocyanic acid in a platinum crucible to bright redness. 

Whichever of the above-mentioned bodies may be heated, the product 
obtained is not but crude mellone, its composition vai*ying con- 
siderably, according to the strength and duration of the ignition. Thus, 
in mellone obtained from pseudosulphocyanogen, the amount of carbon 
may vary by 2 to 3 per cent, and cold-potasli ley extracts hyclroiuolloiio 
from it, leaving a residue of pure mellono. When, however, the mellone 
is decomposed by ignition, tlio last remaining portions always yield the 
right proportion of I vol. nitrogen gas to 3 voL cyanogen, and when 
burned with oxide of copper, the right proportion of 2 vol. nitrogen to 
3 vol. carbonic acid (Liebig). — According to the diflbront materials from 
which mellone is prepared, and to the strength and duration of the igni- 
tion, the residue varies in colour from pale-yellow to brown, and like- 
wise in composition (p. 381). When the material contains sulphur, it 
is particularly necessary to continue the heat for a long time in order 
to expel the sulphur completely. But all mollono-rcsithios agree in this, 
that when raised to a higher temperature, they arc completely resolved 
into nitrogen, cyauo'gcn, and vapour of hydrocyanic acid, the relativo 
quantities of these products varying however with the nature of tUo 
mellone-residiie (Volckel), 

B. Ficre Mellone is best obtained by heating mercurous mollonido in 
a retort till the evolved mixture of cyanogen and nitrogen gases is three- 
fourths absorbed by potash-ley (Liebig). 

Frojnrties. Pure mellone is a loose, light yellow, strongly staining, 
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tasteless, and inodorous powder (Liebig). — The crude mellone obtained from 

sulphocyanide of potassium, common salt and chlorine, or from pseudosiilpliocyanogen 
•(1), is of a light yellow colour, loose and finely laminar (Liebig). Light yellow with 
a tinge of grey; (Ilennebcrg). — The so-called glaucene (mellone) prepared from 
poliene is yellowish-white (Vdlckcl). 

Formula and calculations, according to : 


Liebig 


Yolckel. 

Laurent & Gerbardt# 

G C 30 ... 

. 39*13 

4 C 24 

.... 35*82 

12 C 

72 .... 

35*82 

4 N .... 66 ... 

. 60*87 

3 N .... 42 

.... 62*69 

9 N .... 

126 .... 

62*69 



H .... 1 

.... 1*49 

3H .... 

3 .... 

1*49 

CW .... 92 ... 

. 100*00 

CWH C7 

.... 100*00 


201 .... 

100*00 

Laurent & Gerhardt's formula is VdlckeFs trebled. 






Analyses by Laurent and Gerbardt. 






L 

c. 

d 


C ... 


35-73 

35-8 

36*4 

36*0 


N ... 


62*50 

62*4 

61*9 

62*2 


H ... 


1*77 

1*8 

1*7 

1-8 




100*00 

100*0 100*0 

. 100*0 




Analyses by Vdlckel. 




p. 

/. 

//. h. 

i. Jc. 

1. 

m. 

n. 

C.... 31*63.... 

36-*01.... 

37*02 ....32*17.. ..36*52.... 30*31 

.... 35*57.. 

.. 32*49 . 

...35*07 

N 


...» *»«.. 

.... 61*92 

.... 62*85 



H..., 1*42.... 

1*75...! 

1*91.... 2*03.... 

1*71.... 1*77 

.... 1*58.. 

.. 1*80 . 

... 2*09 


100*00..., 100*00 


LicLig based liis formula on the combustion of crude mellone 
obtained from pseudosulphocyanogen, with oxide of copper, which 
yielded 3 vol. carbonic acid gas to 2 voL nitrogen, and on the decompo- 
sition of mellone by simple ignition, whereby be obtained 1 vol. nitrogen 
gas to 3 vol. cyanogen. — Laurent & Gerbardt ignited tbeir mellone for 
some time in “a platinum crucible before analyzing it; a was prepared 
from pseudosulpbocyanogen ; h from ammelin; c from ammelide, and d 
from chlorocyanamide. — The crude mellone analyzed by Vdlckel, 

was obtained by variously long ignition of pseudosulphocyanogen pre- 
pared with nitric acid; h with sulphocyanide of potassium and chlorine 
gas; ^’and Tc from hydropersulphocyanic acid; I from poliene (L(?.^from 
the residue obtained by heating sulphocyanide of ammonium) ; m aud n 
from sulphocyanide of mercury. 

Decomfodiions, jMellono heated in a closed vessel is gradually but 
completely resolved into a mixture of 1 vol. nitrogen gas and 3 voL 
cyanogen (Liebig): 

CW = 3C2N + N. 

It is resolved hereby into nitrogen, cyanogen, and hydrocyanic acid 
(Volckel): 

CWH C2NH + C2N + N. 

When mellone obtained from ammelide or chlorocyanamide is ignited in 
a tube, it disappears completely, giving off vapours which smell of 
ammonia and hydrocyanic acid, and deposit first a red, then a yellow, and 
lastly a red-brown sublimate. The sublimate gives off ammonia when 
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troatod with potasL; and precipitates nitrate of silver. Tlio gaseous 
niixturo evolved at tlio Haine tiiuo contains a gas (ammonia) which is 
absorbed by hydrocjhloric* acid, anothor (cyanogen) which is absorbed by 
potashj and a non-absorbable gas (nitrogen) tho relative quantities of the 
three being at the bc'ginning of tho oxporiment =: 9 *. 51 : 40, and at tho 
end =. 10 : 30 : 6*0. 1 fence it appears, that tho decomposition of mollono 

by heat is not very simple (Laurent & Gorhardt). 

2. Mollono heated in dry chlorine gas forms a white volatile sub- 
stance having a powerful odour, and attacking the eyes very strongly. — 
3. Mollono dissolves gradually in boiling nitric acid, continually giving 
off a gas which contains very littlo or no nitric oxide, and is resolved into 
ammonia and cyanylic acid, which crystallizes in long needles: 

+ 6110 = C«N»1P0« + NIP. 

Tho evolution of gas is duo to this circumstance, that part of the mollono 
is more completely decomposed [perhaps into nitrogen and carbonic 
acid ?] so that tho quantity of cyanylic acid obtained is loss than that 
which is required by calculation. As no oxidation takes place in this 
reaction, it is certainly remarkable that other acids do not decompose 
mollone in tho same manner (Liebig). — 4. Mollono dissolves in oil of 
vitriol with evolution of ammonia; water added to tho solution throws 
down a white substance different from mollone. 

5. Crude mellone is decomposed by potasli-loy, even in tho cold, 
giving np liydromollono to it; but at a boiling heat, it dissolves slowly 
and completely, with continued evolution of ammonia, and forms a potash 
salt which crystallizes in long needles and contains a peculiar acid 
(Liebig). 

This peculiar acid [which, according to Henneberg, is identical with 
cyameluric acid, the acid obtained by heating mcllonide of potassium with 
potash-ley], may be obtained in the free state by dissolving tho purified 
potash-salt {vid inf,) in warm dilute nitric acid, and purifying tho needles 
which separate on cooling, by recrystallization (Liebig). ^1 According to 
Hennoberg, the acid is precipitated from its salts by strong nitric or 
hydrochloric acid in tho form of a white powder, from tho hot aqueous 
solution of which, mixed with a few drops of hydrochloric acid, it 
separates on cooling, in whito crusts, with separate crystals projecting 
from them. It dissolves in 420 pts. water at 17*^, more readily in hot 
water. The acid produces a strong stain, reddens litmus, and decomposes 
carbonates when heated with them. The crystals contain 10*85 p.c. 
(5 At. = 17*47 p.c.) water of crystallization, which is completely 
expelled at 100° - — 120°. IT 


Calculation, according to Lieliig. Calculation, according to VdlckoL 


8 C 

48 .. 

..... 31*58 

8 C 

48 ... 

31*37 

5N 

70 .. 

46*05 

5N 

70 

45*75 

2 H 

......... 2 .. 

.. .. 1*32 

3H 


1*96 

4 0 

32 .. 

21*05 

40 

32 ... 

20*92 


152 .. 

100 00 


153 ... 

..... 100*00 

Calculation, 

according to Henneberg. 

Calc, according to Laurent & Gerbardt, 

12 C 

72 ... 

32*44 

12 C 

......... 72 

32*73 

7 N 

98 ... 

..... 44*14 

8 N 

112 ... 

50 91 

4 H 

4 ... 

1*80 

4 H 

4 ... 

1*82 

60 

......... 48 ... 

21*62 

4 0 

32 ... 

..... 14*54 


222 

100*00 


220 ... 

100*00 
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Liebig’s Analyses. 



licnneberg’s Analysis. 


a. 

h. 

c. 



c 

32-30 .. 

32-30 .. 

.. 30-76 

C. 

32‘00 .... 32-OS 

N 

48'00 .. 

.. 48-00 .. 

.. 46-20 

N 


H 

1*57 .. 

.. 1-86 .. 

.. 2-00 

H 

1'71 .... 2-00 

0 

18'13 .. 

.. 17-84 .. 

.. 21*01 

0 


Crystallized acid .... 100 '00 .. 

.. 100-00 .. 

.. 100-00 

Acid dried at 100® — 120°. 


The acid a was purified by one, h by two, aud c by three crystalliza- 
tions [from water or from nitric acid ?] (Liebig). According to Liebig, 
tlic acid may be regarded as a compound of cyanic acid with a mol Ionic 
acid, This view would agree better with Yblckcrs formula, 

wbicli bowever requires more liydrogcn than is given by most analyses of 
tlie acid and its silver-salt. — Laurent & Gorliardt’s formula differs con- 
siderably from Liebig’s analyses, moreover, according to tins formula, 
the acid should be tribasic (sec tbo silver-salt, &c.), whereas it contains 
only 4 0. On the other band, this formula gives a very simple expla- 
nation of the formation of the acid, with evolution of ammonia, from 
mellone, supposing that substance == 

GWF + 4H0 + NIP. 

Volckcl’s formula, supposing as lie docs that mellone = C'*N‘'^I*T, gives 
the equation: 

4d‘N3H + 8H0 = 20WIPO^ + 2NIbk 

But if we assume, with Liebig, that mellone = wo shall then have, 
according to Vblckcl’s formula, the improbable equation: 

12C''>N-^ + 3GH0 = 9C«N'*IP0‘i + 3NtP. 

With Liebig’s formula of the acid, it is impossible to form an equation 
unless wo suppose other products to be formed at the same time. 

The acid decomposes when recrystallized from nitric acid, with 
formation of ammonia and probably also of cyanuric acid (Liebig). For 
this decomposition, Laurent & Gerbardt give tbe equation: 

CiiJNWO*^ + 8H0 - 2CWH30« + 2NH3. 

^ Tbo acid boiled with nitric acid, deposits a wluto crystalline sub- 
stance wbicb appears to bo cyanuric acid. At a moderate red heat, the 
acid turns yellow and decomposes, giving off vapours which smell of 
cyanic acid, aud forming a white crystalline sublimate probably con- 
sisting of cyanuric acid. Tbo yellow residue consists of mellone (Henne- 
berg). For this decomposition, Gerbardt {Goin 20 t mensueU C, TOO) gives 
tbe equation; 

3C12KRIP0^ = 2CWH30« + 2C^-miK f 

jPotasJi-salL a. Neutral, — 1. Crystallizes from tbe solution of niol- 
lone in boiling potash, or may be precipitated therefrom by an equal 
volume of alcohol. Purified by recrystallizatioii. Long delicate needles 
having a silky lustre and strong alkaline reaction. The salt melts when 
heated, without blackening, giving off ammonia and leaving pure cyanate 
of potash. Dissolves very easily in water, but is insoluble in alcohol 
(Liebig). IF 2. The same salt is obtained by boiling 1 pt. of mellonide of 
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but (solidifies ill a mass of nccdlc-sliapcd crystals. Tlio crystals are 
waslicd on a filter stopped with asbostus, first with solution of potash, 
tlicn with alcohol; atid rccrystalUzed from boilinp^ water, a stnall quantity 
of alcohol being added to the filtrate. On cooling, the salt crystallizes 
in colourless prismatic needles, having a glassy lustre and often of 
an inch long. The salt has an alkaline reaction; its taste is soapy 
at first, but afterwards bitter and irritating. The air-dried salt 
placed over sulphuric acid or heated to 120°, gives off from 13-86 to 
14*03 p.c. (= 6 At.) water. It melts at a low red-lioat, giving off*, first 
ammoniacal and afterwards acid vapours; the crystalline residue treated 
with sulphuric acid evolves the odour of cyanic acid. Dissolves in 7*4 
pts. water at 18®, and in 1 or 2 pts. of boiling water. The solution 
yields white crystalline precipitates with chloride of barium and sulphate 
of magnesia; a bulky, yellow, amorphous precipitate with sesquichloride 
of iron; bluish white, crystallo-granular with cupric salts; and with 
silver salts, a curdy precipitate not very soluble in nitric acid (Hcnneberg). 

Calc, according to Ilenneberg. Calc, according to Gerliardt. Hcnneberg. 


12 C 

72-0 

... 21-39 

12 C 

72-0 .. 

. 21-52 . 

21-59 

7 N 

98-0 

... 29-12 

B N 

112-0 .. 

. 33-48 


H 

1-0 

. . 0-29 

H 

]-0 .. 

. 0-30 , 

0-25 

3 0 

24-0 

.. 7-13 

0 

8-0 .. 

. 2-39 


3 ICO 

141-6 

... 42-07 

3 KO 

141-6 .. 

. 42-31 . 

42-04 


336-6 

. .. 100 00 

C'-NSUKSO-*... 

334-6 .. 

.. 100-00 IF 


5. Acid salt . — 

Acetic or weak nitric acid added 

to the concentrated 

solution of a, throws down sparingly soluble crystalline scales (Liehiff). 

^ Thin lamina}, iridescent in sunshine (Henncherg). 



Calc, according to Hcnneberg. 

Calc, according to Gerbardt. 

12 C „ .... 

Hcnneberg. 

7 N 

. 98-0 

.... 37-68 

8 N 

112*0 .. 

. 43-38 


3 H 

. 3-0 

.... 1-15 

3 1 1 

3-0 ,. 

. 1-16 . 

1-21 

5 0 

. 40*0 

.... 15*38 

3 0 

24*0 .. 

. 9-28 


KO 

. 47-2 

.... 18-11 

KO 

47*2 .. 

. 18-28 . 

18-00 

C12]s;7B3K0«,.. 

2C0-2 

.... 100-00 


258*2 .. 

. 100-00 



Baryta-salt. — Obtained by adding chloride of barium in excess to a 
boiling dilute solution of the neutral potash-salt, and again heating tlio 
liquid after precipitation. Microscopic needles, very loosely aggre- 
gated. The crystals contain water of crystallization, the greater part of 
which is given off at 100°. At 120°, the salt still retains 1 At. water 
which is given off at 150°. [The quantity which is given off between 
120° and 250° is 1*72° p.c.; by calculation, 1 At. = 2*07 p.c.] The salt 
dried at 100° gave 16*82 p.c. C, 0*49 H, and 52-66 BaO; dried at 120° it 
gave 53*19 p.c. BaO, and at 250°, 54*12 BaO. According to these 
numbers, the formula of the salt dried at 250° is C^^N^PIBa^O®; and that 
of the salt dried at 100°--120° is C'WHBa^O® + 2 Aq (Hcnneberg). 

Siher^saM.— lihQ alkaline potash-salt a forms with an acid solution 
of nitrate of silver, and the acid potash-salt with a neutral solution of 
nitrate of silver, a white curdy precipitate very sparingly soluble in 
boiling nitric acid (Liebig). Dried at 100°, it forms a white, scarcely 
blackened, friable mass, still retaining a certain quantity of water, which 
it does not give off at 130° (Heuneberg). 
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Anhydrous Salt. 


Calculation, according to Liebig. 

Calculation, according to Volckel. 

8 C 

48 .... 13-11 

8 C 

.. 48 .... 

13-08 

5 N .... 

70 .... 19-13 

5 N 

.. 70 .... 

19-07 



H 

1 .... 

0-27 

2 Ag .... 

21C .... 59-02 

2 Ag 

.. 216 .... 

58-86 

4 0 .... 

32 .... 8-74 

4 0 

,. 32 .... 

8-72 

eWAg^O'f... 366 .... 100-00 

eWHAg^OL 

.. 367 .... 100-00 

Calc, according to Ileuneberg. 

Calc, according to Laurent & Gerhardt. Liebig. 

12 C 

72 .... 13-26 

12 C 72 

.... 13-31 .. 

13-55 

7 N 

. 98 .... 18-03 

8N 112 

.... 20-70 .. 


H 

1 .... 0-18 

H 1 

.... 0-18 .. 

0-15 

3 Ag 

324 .... 59-67 

3 Ag 324 

.... 59-89 ... 

58-50 

60 

48 .... 8-84 

4 0 .32 

.... 5-92 


C Ni'HA.gSO'! 

543 .... 100-00 

C^N^IIAg-’O* 511 

.... 100-00 



Hydrated salt, dried at 100°. 


Ilenne- 

Calculation according to Henneberg. 

Calculation according to Gerhardt.’** 

berg. 

12 C 

72 .... 12-83 

12 C 

72 .... 12-88 

.... 13-12 

7 N 

98 .... 17-47 

8 N 

112 .... 20-04 


3 H 

3 .... 0*53 

3 n 

3 .... 0-53 

.... 0-54 

3Ag 

324 .... 57-76 

3Ag 

324 .... 57-96 

.... 57-86 

8 0 

64 ... 11-41 

6 0 

48 .... 8-59 


C‘=NmAg30''' 

+ 2Aq 561 ....100 OO 

C'WllAs^O-' + 2Aq 

559 ....100-00 % 


The carbonic acid and nitrogen evolved in the combustion of the silver-salt were 
by volume as 8:5 (Liebig). 


According to Yolckel {Ann. Pharm, 62, 97), tlio same potasli-salt ia 
obtained, togetlier with a small q^uantity of cyan urate of potash, when, 
instead of mellone, poliene {i. e. the residue obtained by gently heating 
sulpbocyanide of ammonium) is dissolved in boiling potash. The acid 
separated from the potash-salt by a stronger acid, is white; crystallizes 
from hot water in shining needles; and in the state of aqueous solution, 
reddens litmus slightly. — When heated in a glass tube, it emits a white 
fume, then gives off ammonia, and leaves a yellowish residue, which 
gradually disappcai*s, with evolution of cyanogen. It dissolves sparingly 
in cold water and alcohol, but with tolerable facility at a boiling heat. 
The aqueous solution forms a white precipitate with nitrate of silver. 
The equation for the formation of this acid fi’om poliene is, according to 
Volckel: 

4CWHS + 12110 = 3C«N“*IP0^ + 9NUb 

If the heating of pscudosnlphocyanogen, or of hydropcfsiilphocyauio 
acid be interrupted before the evolution of sulphur is terminated, the 
residue, which contains poliene and not mellone, dissolves in potash-ley 
with evolution of ammonia, even at ordinary temperatures, and the 
brownish yellow solution forms with acetic acid a greyish white gelatinous 
precipitate, which is not hydromellone, but a mixture of sulphur and 
ammeline. For, its solution in hot nitric acid, filtered from the sulphur, 
yields on cooling, colourless needles of nitrate of ammeline, which contain 

* Gerliardt {Compt. mensuclsj 6, 106) gives only the calculation of the anhydrous 

salt. 

YOL. IX, 2 C 
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J9‘() per cent C ainl 3*2 II,aii'lfroin wliidi ammonia separates pure ammo- 
line* The formation of aimncliuo from policue by means of caustic potash 
takes place as represented by the eciuation: 

C«NTi8 + 2H0 = cmw + NIPk 
(Laurent <fc GerbardL N'. Ann. GIdm. Fhys. 19^ 102). 

Mcllone [is insoluble in ■water, cold/Illute acids and alkalis, alcohol, 
and ether (Liebig). 

Hydromellone or Hydromellonic Acid. 

Uydromellon, ffydromellonsciitre^ Mellonwassersfqfsaure, Acide mellonhydrique. 

Freparation. 1. Aqueous naellonide of potassium is precipitated 
with nitrate of lead or sulphate of copper ; the precipitate carefully 
washed by boiling with water; then diffused in hot water and decom- 
posed by sulphuretted hydrogen; and the filtrate evaporated. (Gm.) — - 
If the precipitate has been well boiled with water, the hydromellonic acid 
is nearly free from potassium (Gni.). — 2. When a hot solution of mol- 
lonide of potassium is mixed with hydrochloric or nitric acid, the mixture 
soon becomes tnrhicl, and deposits hydromellonic acid in white Hakes, 
which if the liquid is very concentrated, thicken it to a solid magma 
(Liebig). 

PropeHies. As obtained by evaporating the aqueous solution (1), it 
forms white opaque crusts; as obtained by precipitation (2), it forms a 
white earthy powder which leaves a streak (Gin.). Inodorous, and taste- 
less. Its solution in boiling water scarcely reddens litmus (Gm.) ; 
reddens it strongly (Liebig). 

The composition of hydromellone is not yet determined wdth cer- 
tainty. Liebig {Ann. Fharm. 50, 337) formerly supposed that it was 
free from potassium, and rcgardocl it as GN^II. lie found that hydro- 
mcllone dried at 1 00,'^ yielded by combustion with oxide of copper, only 
23’44 pts. water (or rather, according to a more recent correction (/In?^. 
Fharm. 57, 103), 8’ 44 pts.) to 100 pts. carbonic acid, and thence con- 
cluded that it contained only 1 H to 6 C. — 100 : 8.44=6 . 22 (carbonic 
acid): 10*14 (watci*). 

More recently {Ann. Fharm. 57, 111), Liebig pronounces the hydro* 
mellono prepared by (2) to be an acid potash-salt, which, after <lrying at 
300° gives off nitrogen, cyanogen, and hydrocyanic acid wlion headed, and 
leaves 17 p.c. cyanide of potassium, whence it is =C^®N^'dlK. [According 
to this formula, the potassium in hydromellone should amount to some- 
what more than 12 per cent, whereas the 17 per cent of potassium 
contains only a little more than 10 per cent], — According to tho same 
more recent statements, there exists another acid potash-salt, which is 
obtained in fine white lamina), on adding hydrochloric acid to the hot 
solution of naellonide of potassium, till the precipitate redissolves, and 
leaving the solution to crystallize by cooling. Those laminso contain 22 
per cent of potassium [wherein it is remarkable that when a much larger 
excess of hydrochloric acid is used, a salt is formed much richer in 
potassium than that which results from tho precipitation in (2)] — • 
Lastly, if we endeavour to abstract all the potassium from hydromellone 
by continued treatment with acid, the hydromellone is resolved, according 
to Liebig, into ammonia and now products soluble in water, — [It is 
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])os«iblo iliat lijdroinollono may, only under peculiar circumstances, con- 
tain 80 mucli potassium as Liebig more recently found; in tlio product 
obtained by (1 ), Gmolin found by ignition, only slight traces of potassium 
compounds; and Liebig also (Ann. 50, 359) in his earlier expe- 

riments obtained only traces of cyanide of potassium, or cyanato of 
potash], 

Laurent & Gorhardt treated moll one with potash-ley; precipitated 
the solution hy an acid; washed the gelatinous precipitate wnth water for 
three days; and found in it, after drying at 135^, from 29*5 to 30 j)Or cent 
C and 2*2 to 2 p.c. H. From these results they regard hydromellono at 
135° as C^^]S[^IF0^2Ag, stating however that the matter is not satisfac- 
torily determined, because the hydromellone obtained in the manner just 
described contained a considerable quantity of potash. [It should also be 
known whether the mollono was treated with cold or wntli hot potash; 
in the former case, the potash would (according to Liebig’s experiments) 
have dissolved merely the hydromellono which is generally contained 
in crude mellone; but if boiling potasb were used, the peculiar acid 
[cyamelurio acid] above described (p. 383) should be produced, and 
would be sufficiently distinguished from hydromellono by its property 
of crystallizing in needles, by its decomposibility by nitric acid, and by 
the difierent constitution of its silver-salt. — Moreover, in the hydro- 
mellono precipitated hy an acid from mellomMo of pottissium, and con- 
taining potassium, Laurent Sc Gorhardt found 3*30 p.c. C. and 1*3 PI. 
This acid, after being digested for 24 hours with hydrochloric acid, then 
w^ashed, and dried at 180^ exhibited, w'hcn more strongly hcjitod, the 
following phononieiia, -which show that at this temperature it still retains 
nearly 1(3 p c. HO: First, it gave off 10 p.c. of pure water; then 2 p.o. 
more, hut accompanied by white fumes; then, with stronger indications of 
decomposition, 4 p.c. more. The residue contained potassium. 

Laurent & Gorhardt formerly adopted the formula halved, 

= C^N^H®0^, according to which, liydromellone would bo an acid aldidc. 
In either case, its composition would be: 


At 180®* 


6C 

36 .... 

.... 32-73 

4 N 


.... 50-91 

2 H 

2 .... 

.... 1‘82 

2 O 

10 .... 

.... 14-54 


CWHW 110 100-00 

Decompositions. 3 . Hydromellono heated in a test-tube, decrepitates 
slightly; gives off water and a large (piantity of hydrocyamitc of ammonia 
which is deposited in the upper part of the tube and soon turns brown; pro- 
duces in the lower part of the tube a white solid oi>atpio sublimate, which 
dissolves in potash when boiled with it for some time; and leaves a lemon- 
yellow residue (probably mellone) which disappears on continued ignition 
(Gm.). — Hydromellone first gives off hydrocyanic acid and nitrogen, 
then turns yellow and gives off cyanogen, and finally leaves a trace 
of cyanide of potassium or cyanate of potash (Liebig), (For Laurent & 
Gerhardt^s account of the behaviour of hydromellone when heated, ind, stip.) 
2. Hydromellone in the recently precipitated and pasty condition, boiled 
for three or four hours with hydrochloric or nitric acid, yields a clear 
solution wdiich contains sal-ammoniac and does not become turbid on 
cooling (Liebig). But when dissolved in strong nitric acid, and evapo- 
rated at a boiling beat, it remains undecomp osod, 


2 0 2 
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Comhinations. Hyclromollono dissolros very sparingly in cold WateVf 
soniowliat more readily in boiling ■water, tbo solution bocoining milky as 
it cools blit not yielding much solid deposit. 

It dissolves quickly and abundantly in strong nitric acid; somowbat 
more slowly but in c<pnil quantity in Oil of VitvioL Both solutions 
bccomo milky on addition of water (Gin.). ^ 

It is iusoiublo in alcoliol, in ctlior, and in oils wlicibor fixed or Tolatilo 
(Liebig). 


Mellonides or H^dromellonates. 

Mellono boated with iodide, bromide, or sulpbocyanido of potassium 
expels tlio radical and forms inellonidc of potassium (Liebig). Hydro- 
nicllono lieated witb iodide of potassium eliminates bydriodic acid and 
iodine; it abstracts tlie base from tbe salts of many Yogotablo acids, and 
tlioreforo dissolves in a warm aqueous solution of acetate of potash as 
readily as in caustic potash or carbonate of potasli, forming nicllouidc of 
potassium (Liebig). — From aqueous solutions of the mollonidos, sul- 
pliiiric, hydrochloric and nitric acid quickly throw down bydromcllouo 
in thick white flakes; acetic acid produces the same effect, but loss cpiickly 
and completely (Gm.). 

Mellonide of Ammoniicm. — Obtained by precipitating aqueous incl- 
lonidc of barium with carbonate of ammonia, and evaporating tbe filtrate. 
Resembles mellonide of potassium in appearance. Gives ofl‘ water of 
crystallization wlien heated, then turns yellow and gives off ammonia, 
and afterwards the decomposition-products of hydromcllonc. Insoliiblo 
in alcohol (Liebig). 

Mellonide of Fotassium, — Formation. 1. By beating mellono with 
potassium. Combination takes place attended with evolution of light and 
heat, and formation of a small quantity of ammonia, the hydrogen of 
which is perhaps supplied by the rock-oil adhering to the potassium. 
The resulting transparent, easily fusible compound forms with water a 
solution which smells like bitter almonds, but contains no cyanogen, and 
yields a thick flocoulcnt precipitate uith acids (Liebig). — when 
mellono prepared from aminelido or cblorocyanamido, and in the recently 
ignited state, is gently boated with potassium, which has been freed from 
rock-oil by paring with a knife, ammonia is still abundantly evolved, 
when the fiery combination takes place. Consequently mellono contains 
hydrogen, and the equation is not CW-fK=:C^^N^K, but C^^2^®PP-h2K 
(Laurent & Gcrhardt). [The potassium during its exposure to 
the air migh-t become coated with hydrate of potash, and this is perhaps the source of 
the hydrogen]. — 2. By fusing mellone with iodide or bromide of potas- 
sium (Liebig). — 3. By fusing potassium with melamine (Liebig): 

+ K - CCN*K + 2NrF. 

4. By fusing siilpbocyanide of potassium at a rod heat with mellono, molam, 
ferrous sulphocyanicle, cuprous sulphooyanide, or tcrchlorido of antimony 
(Liebig). -—Mellone lieated with sulpbocyanido of potassium'forms mellonide 
of potassium and sets free the sulphocyanogen, ■which is resolved with 
effervescence into sulphur, sulphide of carbon, and mellono; and the mel- 
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lone tlius sot free combines witlx tlio rest of tlie ixotassium in the siilplio- 
cyanide, again liberating sulphocyanogcn (Liebig). [If wo assiiiiio tlie 
correctness of Liebig's formula), tlio reaction must take place according to 
the following equation: 

4C2NKS^ + 3CW - 4CWK: + 2CS2 + 4S. 

According to tlxis equation, 4 At. sulpliocyanido of potassium require 
3 At, nicllono to convert tlieni completely into luellonido, tborefore 
(3 . 92) = 276 pts. inellone to (4 . 97*2) = 388*8 pts. sulpliocyanido of 
potassium; or, in round numbers, ratliei* more than 2 pts. nicllono to 
3 pts. sulpliocyanido of potassium]. — Mclani, ferrous sulpliocyanido 
(4C^NFeS^ r= CW-pdFeS *i-2CS‘^) and cuprous sulpliocyanide (VIII, 90) 
yield niellon at a rod heat, and consequently act like that body. The 
action of terclilorido of antimony lias already been given (Till, 83) 
(Liebig). 

Preparation, 1. When tlio mixture of 2 pts. fcrrocyaiiido of potas- 
sium and i pt. sulplinr, wliicli serves for the preparation of siilpbooyanido 
of potassium (VIII, 79) is heated somewhat above tlio point at wliicli a. 
sample dissolved in water ceases to give a blue precipitate witb ferric 
salts; the cooled mass dissolved in water; the romaiiiiiig portion of the 
iron precipitated from the filtrate by potash; the hlirato evaporated; and 
the residue well boiled with water: the filtrate, when left for some time 
in a cool place, deposits white cauliflower-liko masses of mcllonido of 
potassium, which nuist be collected on a filter, and freed from snlpho- 
cyanide of ])otassium by rejicated crystallization from hot water and by 
pressure. (Gm.). — G. Eeuss {Repevt, 69, 343) licatcd the mixture to 
dull redness, till it flowed quietly without giving off bubbles; dissolved 
it in hot water; precipitated any iron that might still bo present in the 
solution, by poLash; evaporated the filtrate; and obtained on cooling, the 
same cauliflower-like masses. — Laurent & Gerhardt (A". Ann. Ohim. 
Fhys. 19, 107) heat the mixture far above the point at which it gives a 
blue precipitate with ferric salts; exhaust the cooled mass with cold 
water; evaporate the filtrate till it solidifies to a curdy mass on cooling; 
extract the sulpliocyanido of potassium from this mass by [cold'?] alcohol ; 
wash the undissolved mellonide of potassium with the same; and purify it 
by recrystallization from water. 

2. Twenty parts of roasted ferrocyanido of potassium are heated 
with 10 pts. of sulphur (better with 11 to 12, according to Hcnncbcrg) in 
a covered iron vessel, till the mixture, when kept In a state of continued 
fusion, no longer gives out blue flames, proceeding from tlic combustion of 
the sulphide of carbon evolved by the decomposition of the siilphocyanide 
of iron; 1 pound of finely pounded and recently ignited carbonate of 
potash is then added, whereupon the mass again boconios perfectly fluid 
and mobile; the mass left to cool, and dissolved in boiling water; the 
filtrate evaporated and cooled; and the crystallized mellonide of potas- 
sium washed on the filter with alcohol, till the liquid which runs through 
no longer reddens ferric salts. The addition of carbonate of potash 
increases the quantity of the product (Liebig). [Why carbonate of 
potash inci’eases the product, and renders the imasa more fluid, is a point 
deserving further inquiry.] — f*. According to Henneberg, this process 
yields a purer product than the first, but is less certain in its results. 
The addition of carbonate of potash does not increase the product; but 
if the temperature be raised too high, may lead to tbe reproduction of 
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forrocjanule of potassinni, instead of tlio formation of molloiiide. TIio 
increase in the product observed by Liobi^ii;, was pcrliaps due to the 
greater fusibility of the mass induced by the carbonate of potasbj if that 
bo tbo ease, it iniglit bo bettor to add stiljdiocyanido of potassium, as it 
is more fusible than the carbonate, and does not contain oxiygeu. II]* 

3. One part of erndo uiellonc (obtained from pseudosulpliocyatiogcn) 
is gradually added to 3 — 4 ]>arts of perfectly dry sulphocyanide of 
potassium melted in a small tubulated retort of diiliculily fusible glass. 
Each addition causes brisk eflervosceuco, arising from evolution of sul- 
phur, bisulphide of carbon, and ammoniacal products ; and the mass 
becomes more viscid after oacli addition; but the viscidity disappears on 
continning the heat. After all the mcllone has been added, the mass is 
kept in a state of red-hot fusion as long as any comhustihlc vapours 
■which form sulphurous acid wlion ignited are given off, and till the evolu- 
tion of cyanogen gas begins; the mass is then left to cool. It is a good 
sign when numerous stellate groups of needles form at a toinporaturo 
considerably above tbo melting point of tho sulpbocyanido of potassium ; 
if those are not produced, tho heat has been too low, or tho (piantity of 
nienono added is not sufficient. The mass when cold is dissolved in 
boiling water; and the solution left to cool till it solidifies in a white 
magma consisting of delicate interlaced needles of mollonido of potas- 
sium, which must be freed from tho remaining sulphocyanide of potassium 
by washing with alcohol, and completely purihod by re crystallization 
from water. [According to the above calculation (p. 389), the prescribed quantity 
of mellone is too small], — Hemieborg uses about the same proportions 
of mellone and sulphocyanide of potassium (1 pt. of mollono to 3 — 5 of 
sulphocyanide ; a larger proportion of mellone thickens the mass too 
much, and causes too much frothing), and proceeds in a similar manner, 
excepting that he heats tho mixture by a spirit-lamp in small retorts 
containing 15 or 20 grammes each; because, when largo quantities are 
operated upon at once, it is necessary to use a charcoal lire, tho beat of 
which is difficult to regulate. After having cleausod tlio nock of tho 
retort from tho brown products which pass over in distillation, ho treats 
the mass with boiling water; filters; adds a few drops of acetic acid; 
and concentrates in the water-bath. Sometimes a miioilaginous substance 
separates at this stage of tho operation, and does not rodiBSolvo in water 
(comp. p. 391). The resulting crystals of mollonide of potassium are 
purified by boiling the very dilute solution with acetic aci<l and animal 
charcoal, the filtered solution being oaeb time netitrnlizod witli a few 
drops of potash-solution. The use of alcohol impedes the complete deco- 
loration of the product; hence the solutions should bo mado to crystallize 
by concentration, and alcohol used only in tho last stage of the process, 
to wash the crystals and purify them completely from acetate and sulpho- 
cyanide (Henneherg). T. — 4. Melani is prepared by gently boating 
sulphocyanide of ammonium or a mixture of 1 pt. of sulphocyanide of 
potassium and 1 pt. of sal-ammoniac; well washed; and addo<l, after 
thorough drying, to an equal quantity of sulphocyanide of potassium 
kept in a state of fusion at a moderate red heat in a retort. The mass, 
when thoroughly liquified, is left to cool, and dissolved in boiling water; 
the mellonide of potassium precipitated from tho solution by alcohol; 
washed with alcohol to purify it completely from sulphocyanide of potas- 
sium; dissolved in water; and decolorized by animal charcoal : tlio fil- 
trate when evaporated and left to cool, deposits snow-white, crystallized 
mellonide of potassiinii (Liebig). 5. Cuprous siilphocyanido (VI IL, 
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90) 5 is precipitated Ly adding sulpliocyanide of potassium to a mixturo 
of 2 pts. cupric sulphate and 3 pts. ferrous sulphate; wnsbcd with dilute 
sulphuric acid, which makes it quite white, and afterwards with Wiiter; 
cliied on a brick; and heated, to drive off all the water, in a porcelain 
basin over an open fire, till it begins to assume a brownish colo\ir. 9 parts 
of this product are then added gradually and with agitation to 6 pts. of 
sulphooyanido of potassium fused in an iron crucible piovidcd with a 
coyer and placed in a fire, the heat of which is gradually raised; the 
crucible, after all the material has been introduced, is covered and lioato<l 
till the bottom becomes red-hot, and sulpliido of carbon is no longer 
evolved; and 6 parts of finely pounded and recently ignited carbonate 
of potash stirred up amongst the thick pasty mass, which then rapidly 
gives off carbonic acid, becomes thinner, and flows quietly, whereupon it 
is left to cool. By boiling the mass with water, filtering, evaporating, 
and cooling, a large quantity of crystallized melloiiido of potassium is 
obtained (Liebig). The addition of carbonate of ])otasb increases tho 
product, which is considerable (Liebig). [Tho atomic weight of sulpho- 
cyanide of potassium is 97; that of cuprous sulphooyanido, 122. If for 
this process wo assume the equation: 

C2NKS2 + 3C-’NCu 2S2 = + 3CirS + 2CS- + S; 

according to which, 97 pts. of sulphocyanido of potassium and 3 . 122 = 
866 pts. of ciq'u’ous sulifliocyanido arc required, tho mclloue formed in the 
process finds exactly the quantity of potassium which it requires for tho 
formation of niellonido of potassium. But with the proscribed propor- 
tion of 97 pts. sulphocyauide of potassium to only 65 pts. cuprous sul- 
phocyanidc, tho quantity of mellono produced is far from suflioiont to 
saturate the potassium. It remaina therefore to bo explained why, in 
this case, the addition of carbonate of potash increases tho product, and 
why carbonic acid is thereupon evolved]. Gerliardt did not succeed in 
preparing mellonide of potassium by this process. — 6. Eight parts of 
sulphocyauide of potassium are fused with 5 pts. of torchloride of anti^ 
inony, till all the sulphide of carbon and sulphur have gone off; the 
residue dissolved in boiling water, and tho mollonido of potassium left 
to crystallize from the filtrate (Liebig). 

In all these modes of preparation, it is advantageous to operate on 
considerable quantities at once, a pound or two for instance (Liebig). 
[Henncberg, pn the oilier lumd, in preparing mellonide of potaHsium by method (3), 
operates with small quantities, p. 391]. The I’CSulting mellonide of potassium, 
after being well washed with alcohol, is free from sulphocyanido, but 
often exhibits a yellowish colour, arising from tho presence of a sulphu- 
retted potassium-compound, from which acetic acid throws down thick 
gelatinous flakes. Mellonide of potassium exhibiting this impurity 
must be dissolved in water, and mixed with acetic acid, as long as any 
precipitate is formed; the filtrate mixed with carbonate of potash till 
it exhibits a slight alkaline reaction; then evaporated; and sot aside 
to crystallize, which takes place very slowly. If the resulting crystal- 
line mass should still be coloured, it must be mixed with a few drops 
of acetic acid, then boiled with animal charcoal, filtered, and cooled 
(Liebig). 

JPropey'ties. Mellonide of potassium fused* at a red heat, forms a 
yellow, transparent liquid, and, on cooling, solidifies to an opaque mass 
of needles united in stellate groups, which, in consequence of strong con- 




MELLONIDE OF LEAD. 


393 


Ilellonidc of Sodium, — Obtained by dccompowin^iif nicllonido of barium 
witli carbonate of soda in the humid way. White hydrated^ silky 
needles, tolerably soluble in water, insoluble in alcohol (Liebig). 

Mellonide of Barium, — Aqueous inellonido of jmtassium forms thick 
white flakes with chloride of barium (Gin.). They crystallize from the 
boiling aqueous solution in short transparent noo<llcs, containing 0 At. 
water, 5 At. of which (20*87 p.c.) go oil* at 130, and requiring a largo 
quantity of boiling water to dissolve them (Liebig). 

Mellonide of Strontium. — Obtained like the barium-compound. 
Dissolves much more readily in water, its boiling saturated solution 
solidifies in a magma of slender needles (Liebig). 

Mellonide of Calcium. — Prepared in a similar manner. Still more 
soluble in hot water, and separates from the solution in crystals which 
contain 4 At. water and give up 3 At. (18*05 p.c.) at 120° (Liebig). 

Mellonide of Magnesium. — The aqueous mixture of mellonide of 
potassium and sulphate of magnesia deposits the salt after a while, in 
white interlaced needles easily soluble in water (Liebig). 

The compounds of mollone with barium, strontium, calcium and 
magnesium dissolve more readily in pure water than in water which con- 
tains a baryta, strontia, lime, or magnesia salt in solution (Liebig). 

Aqueous mellonide of potassium pcrcipitates (dumina and titanium 
salts, white; chromic salts ^ bluish white; lismuth, zinc, cadmiim and lead 
salts, white; ferric salts light brown; cohalt salts, paloroso-rcd; niched salts, 
bluish white; cuprous salts, lemon-yellow; cupric salts, siskin-green; 
mercurous, mercuric, and siher salts, white; chloride of gold, yellowish 
white; and hichloride of platinum, brownish yellow (Gm.). It precipi- 
tates chromic salts, green; manganous salts and tartar-emetic, white; 
ferrous salts, white with a greenish tinge; ferric salts, deep yellow; 
cohcilt salts, poach-hlosom colour; and dichloride of copper, bright yellow 
(Licbig). 

Mellonide of Lead. — Aqueous nitrate of lead is precipitated by 
mellonide of potassium, and the white pulverulent precipitate freed from 
adlioring potash salt by boiling with water. In drying it cakes together 
into heavy white masses. The air-dried salt gives ofl' 11*00 p.c. (3 At.) 
water at 100^, and 14'13 p.c. (4 At.) altogether at 120''. When more 
strongly heated in contact with the air, it gives off water, ammonia and 
hydrocyanic acid; yields a white pulverulent sublimate; and leaves a 
yellow residue, which afterwards becomes red-brown, semi-fused, and 
interspersed with granules of lead. The lead-salt heated with oil of 
vitriol, boils up, the intumescence continuing after it is removed from the 
fire; gives off a large quantity of acid vapours; and produces a largo 
quantity of sulphate of ammonia (Gm.). 



Dried in the air at 20°. 


Gm. 

6 C .. 

36 .. 

. 14*94 

15*06 

4N .. 

56 .. 

. 23*24 

23*15 

Pb. 

104 .. 

. 43*15 

42*68 

5 H.. 


. 2*07 

2*03 

5 0 .. 

40 .. 

. 16*60 

17*08 


L\Vpb + 5HO 241 .... 100*00 ....... 100*00 
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Mellonide of Copper, — Mellonide of potassium forms witli cupric 
sulpliato, a beautiful parrofc-groon precipitate. This compound is but 
sparingly soluble in boiling water, and when dried at 4-5'^, contains 23*1)4 
per cent (5 At.) watci*, 4 At. of which it gives off at 1 20'^, turning black 
at the same time (Liebig). [According to calculation, 5 At. water =» 26*8 p.c.] 

Mercurous Mellonide, — Mellonide of potassium forms with morciirous 
nitrate, thick, heavy flukes which turn grey on drying, and when heated 
give off mercury, probably with formation of mercuric raollonido. The 
pi'ecipitate burnt with oxide of copper, gives off a large quantity of 
water, probably because it likewise contains hydroniellone, precipitated 
from the mercurial solution by the free acid (Liebig). 

Mercuric Mellonide, — Mellonide of potassium forms with corrosive 
sublimate, in the cold, a thick, gelatinous precipitate; but on the slightest 
application of heat, the liquid becomes milky, and the precipitate is con- 
verted into a fine white powder. The precipitate obtained by either of 
these methods contains potassium. But if the two solutions be mixed 
boiling, the mixture becomes turbid on cooling, and yields a precipitate 
free from potassium, the quantity of mercury in which is diminished by 
washing. This precipitate, when ignited, first gives off nitrogen gas 
mixed with cyanogen gas and vapour of hydrocyanic acid, and lastly, a 
mixture of 1 vol. nitrogen gas to 3 vol. cyanogen (Liebig). 

Mellonide of Siher, — Mellonide of potassium forms with solution of 
nitrate of silver, a white gelatinous precipitate which is anhydrous at 120° 
(Liebig). The precipitate, even after washing with boiling water, still 
contains potassium (Laurent h Gerhardt). 


6 C 

4N 

36 .. 

.. 18 

.. 28 

Liebig, 
at 120°. 

Laurent & 
Gerhardt, 
at M0°. 

Ag 

108 .. 

.. 51 .... 

.... 53-030 ... 

* 52-20 

H 


.. 

.... 0 010 ... 

0-43 


eWAg 200 .... 100 


Appendix to Mellone, 


By heating sulphocyanide of ammonium to various temperatures and 
for various lengths of time in vacuo, Volckel (l^ogg, 61, 356), obtained the 
following compounds, the separ^ite identity of which however remains to 
be established: 


Sulpliide of Alphene 
Sulphide of Phalene 
Sulpliide of Phelene 
Sulphide of Argene 




In a similar manner, Volckel (Fogg, 61, 151), obtained from hydro- 
persulphocyanic acid: 


Sulphide of Xantliene — 
Sulphide of Leiiceue — 

Sulphide of Meleiie = 

Sulphide of Phaleue = 

Sulphide of Xutheiie «= 


(the same therefore ashydromellone). 
Cr>N5H3S2. ^ ^ 
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PEOPYLENE SERIES. 


A. Primary Series. 

IT Pnmary JSFiicleiis. Propylene, C®IP. 

Reynolds. Ann. Pham. 71,119; JaJiresler. 1849, 426; — farther and 
more fully: Chem. Soc. Qu. J. 3, 111; Ann. Pharm. 77, 114; Jahres- 
her. 1850, 494. 

Hofmann. Ohem. Soc. Qu. J. 3, 121. 

Cahours. Oo77ipL rend. 31, 291; J. p7\ Chem. 51, 249; Pliarm. Gentr. 

1850, 681; Jahresber. 1850, 496. 

Bertiielot and De Luoa. Oompt, rend . 39, 745. 

Trityknej Mefacetene, 

Woiination. — 1. In the decomposition of amylic alcohol by heat. 
When vapour of amylic alcohol is passed through a long glass-tube kept 
at a red heat, a liquid (probably the unaltered alcohol) is obtained, toge- 
ther with a gas. If the heat be too low, very little gas is evolved; if it 
be too high, the product consists almost wholly of marsh gas; but when 
the temperature is properly regulated, a gas is obtained, which burns with 
a bright flame and consists about one-half of propylene, the other half being 
chiefly marsh-gas (Reynolds). — 2. In the decomposition of pelargonic, 
cthaliOjOr homologous acids by heat (Cahours). — 3. In the decomposition of 
valerianic acid by heat. When vapour of valerianic acid is passed through 
a red-hot tube, a number of liquid products are obtained, varying in 
quantity according to the heat applied, and a largo (piantity of gas con- 
sisting of carbonic acid, carbonic oxide, hydrocarbons of the general 
formula and in some cases perhaps also marsh gas. By treating 

the gaseous mixture with bromine, the hydrocarbons are absorbed, and 
the resulting liquid subjected to fractional distillation, yields between 
143^ and 145°, a liquid mainly consisting of C®JPBr^ (A- W. Hofmann), 
— 3. By tbe action of iodide of phosphorus on glycerine. When equal 
parts of crystallized iodide of phosphorus, PP, and syrupy glycerine are 
heated together in a retort, an energetic reaction soon takes place; gaseous 
propylene is evolved; water and iodopropylene, C‘^H% distil over; and 
a residue is left, consisting of undecomposed glycerine, free iodine, a 
small quantity of an iodnretted organic compound; some oxygen-acids of 
phosphorus; and a trace of red phosphorus: 

+ PF = CCHH + 4HO + I 4- C6H705P03. 

1 At. iodide of phosphorus with yafiablc' quantities of glycerine yields 
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1 At. C^ir*^! and 4 At. water. To oLtaiu 1 At. free propylene it k noeos- 
8ary to nsc from 9 to 1 8 At. iodide of pliosphoriis. The production of 
free propylene appears tliereforo to Lo of secondary importance compared 
with that of the iodopropylcno (Bortholot <fe Do Luca). — 4. In the 
decomposition of iodopropylcno by zinc and dilute sulplmric acid, or by 
mercury and liydrocliloric or dilute sulphuric acid, tlio iodine being then 
replaced by bydrogen: 

+ 2Zn + HO = + Znl + ZnO; 

and 

cmn + 4ng + iici = c«h« + iig^ci + Hg^i. 

When iodopropylcno is mixed witli zinc and dilute sulplmric acid, and 
the mixture gently boated, a gas is evolved containing one-fourth of 
pro]>yleno. If a small quantity of iodopropylcne, water, and sulphuric 
acid, or better, concentrated liydrocliloric acid, bo introduced into a glass 
tube standing over mercury, the mercury is attacked and gas is evolved, 
llio action continuing till tlie iodopropylcno is completely decomposed. 
In this manner of tlie iodurotted compound may be transformed into 
l>ropylcne (Bertbolot & Do Luca). 5. The gaseous hydrocarbon evolved, 
together with hydrogen; by the action of potassium on butyroiiilo 
[cyanide of propyl], is perhaps propylene (G-in.). 

Preparation. I. By the action of iodide of phosphorus on glycerine 
(vid. sup.). The gas evolved is pure propylene. — 2. By decomposing 
iodopropylene with mercury and hydrochloric acid 30 grammes of iodo- 
propylene (for the preparation of which see p. 428) are introduced into a 
small flask together with 150 grammes of mercury and 50 or 60 grammes 
of fuming hydrochloric acid, and the mixture gently heated: decompo- 
sition soon takes place, and about 3 litres of propylene are obtained 
(Bcrtbelot & De Luca). — 3. By decomposing iodide of projiylene, 
C^H®P, with potash and alcohol (Berthelot & De Luca). 

Properties. Colourless gas, which burns with a bright flame. 

Calculation, Vol. Density. 

6C 36 .... 85*71 C-vapour 6 2’49t)0 

6H 6 .... 14*29 H-gas 6 0*4158 

.... 42 .... 100*00 Propylene-gas 2 2-9118 

1 1*4559 

Decomposition. 10 yoI. propylene exploded with oxygen absorb 
45 2 vol. 0 and yield 30*4 vol. CO^. — 10 vol. propylene contain 30 vol. 
carbon-vapour and 30 vol. H-gas. The 30 vol. C-vaponr absorb 30 vol. 
0 and form 30 vol. the 30 vol. H. consume 15 vol. 0 and form 
water: hence by calculation, 10 vol. propylene should absorb 45 vol. 0 
and form 30 vol. carbonic acid, which agrees very closely with tho 
experimental result (Berthelot &> De Luca). 

Combinations. 1. Propylene is absorbed by fuming sxdphuric acid 
and by ordinary concentrated oil of vitriol (Berthelot and Do Luca). — 
2. It is quicklj^ absorbed by iodine, bromine, and chlorine, forming 
compounds corresponding to Dutch liquid (Berthelot <fe Do Luca, Rey- 
nolds, Cahours, Hofmann) — 3. Protochloride of copper dissolves 1^ times 
its volume of propylene. — 4. Glacial acetic acid dissolves 5 times its 
volume (Berthelot & Do Luca). 
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IT Iodide of Propylene. CTPP. 

Wlien a small quantity of iodino is introduced into a Lottie con- 
taining propylene and the mixture exposed to the sun for an hour, 
iodide of propylene is obtained in the form of a very hcav'y liquid^ which 
may be purified by agitating it for a while with potash. — When 
recently prepared, it is colourless and has an ethereal odour; but by the 
action of air and light, it rapidly becomes coloured, and then gives off a 
vapour which exerts an extremely irritating action on the eyes. Sp. gr. 
2’490 at 18*5. Remains liquid at —10°. Decomposed by heat. When 
heated with potash and alcohol, it is decomposed, with copious evolution 
of propylene (Berthelot & De Luca). 


f Bromide of Propylene. 

When the gaseous mixture obtained by the decomposition of amylic 
alcohol at a red heat, is shaken up with small quantities of bromine, till 
the bromine no longer loses its colour, a heavy oily liquid is obtained 
which may he purified by washing with water, drying over chloride of 
calcium, and repeated rectification over quick-lime. The liquid began to boil 
at 13G°; but the boiling point soon rose to 143°. where it remained stationary for some 
time and then slowly rose to 160®, tlie residual brown liquid decomposing and giving oT 
hydrobromic acid. By repeatedly rectifying the distillate, the compound was at length 
obtained in a definite state. When the gas is passed into excess of bromine, a large 
quantity of substitution-products is formed (Reynolds). 

Colourless oil of ap. gr. 1*7 (Reynolds); 1*974 (Cahours). Does not 
solidify at —20° (Reynolds). Boiling point 143° (Reynolds); 145° 
(Cahours); between 143° and 145° (Hofmann). Vapour-density 7*3 
(Reynolds). Odour slightly alliaceous (Reynolds). 


Reynolds. Hofmann. Vol. Density. 


c c 

36 . 

.... 17*82 .... 

.... 18-00 ... 

18*84 

C-vapour 

6 . 

... 2*4 960 

6H .. 

.. 6 , 

.... 2*9.7 .... 

.... 3*04 ... 

3*19 

H-gas 

6 . 

... 0*4158 

2 Br .. 

.. 160 , 

.... 79*21 .... 

.... 78-83 ... 

80-00 

Br-vapour . 

2 . 

...11*0930 

CH'Bt!* 202 , 

„.100*00 .... 

.... 99*87 .... 

102*03 

Vap. of C«n«Br3 2 . 

...14*0048 


1 .... 7*0024 


The compound may also be regarded as Bromide of Propyl and Hydrogen ~ 
C^*IFBr,HBr. — Hofmann^s product was obtained by the decomposition of valerianic 
acid (p. 395), and was not sufficient in quantity for complete purification. 

Decompositions. 1. Bromide of propylene is decomposed by strong 
sulphuric acid. — 2. Alcoholic potash acts strongly upon it, yielding a 
deposit of bromide of potassium, and a distillate from which water sepa- 
rates a heavy, colourless, very mobile and volatile liquid, having an odour 
like that of decayed fish. This liquid, when dried over chloride of calcium 
and rectified over quick-lime, does not exhibit a constant boiling point; 
the portion winch passes over between 45° and 56°, contains 29*1 p.c. C 
and 4'OH, corresponding nearly to C®H®Br; that which distils over between 
56° and 60° contains 29*3 C and 4*2 H; and that which distils between 
60° and 70°, contains 30*9 C and 4*6 H (Reynolds). — 3. By acting on 
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broniido of propylene with hromino and distilling the several products 
with alcoholic potasli, Cahours obtained the following compounds: 


Yields by distillation with alcoholic potash. 



Boiling point. 

Sp. gr. 


Boil, point. 

Sp. gr, 

mmr 

145° 

. 1-974 

cni'Bi- ... 

02° .... 

1-472 


192 

. 2-336 

C'll'Bi^... 

120 .... 

I 950 


226 

. 2--J69 

ClTOr’... 




255 

. 2-601 





IF Chloride of Propylene. CSH^CP. 

Obtained by tlie action of chlorine on the crude gas evolved in the 
decomposition of amylic alcohol (Reynolds, p. 325), or of various fatty 
acids (Cahours, p. 3J)5). Boiling point 100° to 103° (Reynolds); 104^^ 
(Cahours); sp. gr. 1*151 (Cahours). 


Reynolds, 

C C 36-0 .... 31-92 

G H 6-0 .... 5-32 

2 Cl 70-8 .... 62-76 62*64 .... 62-55 


CWCl- 112*8 .... 100-00 

» C^H®C1,HC1. — The sample analysed was dried over chloride of calcium, and rccii- 


fied several times over quick-lime (Reynolds). 

Chloride of propylene treated with alcoholic potash yields products 
similar to those obtained from the bromide (Reynolds). Cahours, by 
treating it continuously with chlorine, and distilling the successive 
products with alcoholic potash, obtained the following compounds: 



Boiling point. 

Sp. gr. 

Yields by distillation. 

OT'Cls 

104“ 

1*154 

CH'Cl 

C“1-I«C1”... 

170 

1-347 

Cn-l’iCF 


195 to 200° 

1*348 

C^H^Cl 


220 to 225 

? 

C«H2C1‘ 

c«H2a5 ... 

240 to 245 

1*626 

C'H Cl“ 

O’H CF.... 

260 

1-731 

C’Cl". 

C“CF 

280 

1*800 



These compounds are homologous with those which are obtained by 
similar means from Dutch liquid C*H*CP ( VIII, 380) . 


K Propylic Alcohol. C«H“0==C“H'>,H=0^=‘^J 0“ 

CnAKOEli. Gompt rend, 37, 410; histit, 1853, 310; JrcA. p7i>, 24, 

885; J, pr, Chem, 60, 205; l^harm. Oentr. 1853, 824; Chmi, Hoe. 
Qu. J, 6, 287; Ann,Fharm. 87, 127; Jah7^esher. 1853, 127. 

Propionic^ Metacetic or Metacetonic Alcohol^ Hydrate of Propyl, Hydrated oxide 
qf Propyl; Hydrate of Trity I, Tritylic Alcohol,^ 

Found in the fusel-oil of brandy prepared from wine-lees {espriis de 
marcs), in which Balard had previously found amylic alcohol. When 

* The word triiyl (from tlie Greek rpirog) is applied by Gerbardt to the radical 
C®H^, to denote that it occupies the third place in the series whose hnst and second 
terms are methyl and ethyl respectively. A similar nomenclature is also applied to the 
other homologous radicals : e,y. tetryl == ,- pentyl = : hexyl »» 

h^tyl = octyl = &c. 
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tins fuscl-oil is tlistilleM, the proj)ylic alcohol passes over in the first 
portions of the distillate. It is purified by several distillations and by a 
method which Chancel has not yet published, and dehydrated by agitating 
it with carbonate of potash, then leaving it in contact with caustic potash, 
and distilling. Its formation from grape-sugar, together with vinic or 
amylic alcohol, maybe represented by the folio wipg equations; 

2C12hi20J2=2CW0- + C^H^O- + SCO^ + 2m=Cm^O^ + C*OH1202 + 8C02 + 4110. 

Tbe last equation seems to sliow that tbo formation of amylic alcobol is 
necessarily accompanied by that of propylic alcobol. 

Properties, Colourless liquid, lighter tlian water, and baring a strong 
fruity odour. Boils at 96°. V^apour-density =2*02. 


e c 

Calculation, 
36 ... 

. 60*00 

C-vapotir 

Vol. 

.. 6 .. 

Density. 
.. 2-49G0 

8 H .... 

8 ... 

. 13-33 

H-gas 

8 .. 

.. 0-5544 

2 0 

16 ... 

. 2G-C7 

0-gas 

.. 1 .. 

.. 1*1093 

C«H«02 

60 ... 

. 100*00 

Alcohol-vapour .. 

.. 2 

.. 4*)597 




1 .. 

.. 2*0798 


Propylic alcobol dissolves in water very abundantly, but not in all 
proportions, rising to tbe top in tho form of an oil when added in consi- 
derable quantity. 

With vwious acids, e,g. with hydrochloric, acetic, oxalic acid, &c., it 
forms compound ethers (Chancel). 


SuLPHOimoPYLTC or StJLpnoTRiTYLio AciD. C®H®0®,2S0l — Ob- 
tained in the form of a potash-salt by saturating with carbonate of potash 
a mixture of sulphuric acid and propylic alcohol diluted with water; 
evaporating to dryness over the water-bath; and exhausting the residue 
with boiling absolute alcobol. As the solution cools, the sulphotritylate 
of potash is deposited in delicate needles, which are anhydrous and very 
soluble in water. 

Chancel. 

C«H70,803 91*0 51*07 

K0,S08 87*2 .... 48*93 48*4 

€WO-,2SO»or CW| 2 SO'^ 178*2 .... 100*00 

pROPYLoxAKTiTio AciD. C^H®0^2CS^ — Tho potash-salt of this 
acid, which crystallizes in slender needles, is obtained by adding bisul- 
phide of carbon to a solution of potash in propylic alcohol (Chancel). IT 
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Propylic or Propionic Aldide. C'IF,0®. 

Guckelberoer (1847). Ann. PAam. 04, 39. 

AliUhytle of Propionic or Meiaeelonic Acid, [^Slxaldid, 

Passes over, togotlxor witli many otlior prodactS; in tlie distillation of 
casein, albumin, or fibrin, witli sulphuric acid and peroxide of manganese, 
or with sulphuric acid and chromate of potash (VII, 127, 131). 

Preparation, By distilling 1 pt. of dry casein with 3 pts. of peroxide 
of mangimosc, 4-} pts. oil of vitriol, and 30 pts. water. 

The details of this process, to which it will often he necessary to 
refer, for the sake of the other products formed, aro as follows: Skimmed 
milk is left to coagulate; the curd freed as completely as possible from 
the whey by washing wdth water and pressure; dissolved at 60"^ to 80° 
in dilute carbonate of soda; the solution maintained at that temperature 
for some hours; the scum thereby formed, carefully removed; the slightly 
turbid liquid precipitated by dilute sulphuric acid; the curd repeatedly 
stirred up with hot water, and the liquid each time pressed out of it, till 
the water runs away quite clear; and the resulting ca'^cin, which con- 
tains but a trace of fat, dried. — 4.*5 pts. of oil of vitriol are diluted 
with 0 pts. water; the mixture cooled to 50° or 40°; 1 pt. of dry casein, 
pulverized as finely as possible, gradually added to it, with constant 
stirring, till, in the course of a few hours, it dissolves, and forms a brown 
or violet solution ; and the remaining portion of fat, which then rises to 
the surface, skimmed off. The solution is left to stand for a day, because 
it afterwards distils more easily, and yields a greater quantity of volatile 
products; then diluted with 10 pts. water, and introduced into a retort 
large enough to hold twice the quantity; 11 pts. of wator added (making 
up the 30); the liquid distilled into a well cooled receiver, as long as any 
odoriferous products pass over; 1-|- pts. more manganese introduced into 
the retort, together with a quantity of water equal to that which has 
already passed over; and the liquid again distilled as long as the distil- 
late has any odour. 

The strongly acid distillate (which is -clouded by a few white flakes, 
and the first portion of which has a very pungent odour and excites tears 
and coughing, while the latter portions have an odour of bitter almond 
oil), is neutralized with chalk, and distilled to onc-balf; the resulting 
distillate — which is neutral at first, hut soon turns acid on exposure to 
the air, exhibits the reactions of aldehyde, and contains aldehyde, pro- 
pylic aldide, butyral, and bitter almond oil — redistilled into a well cooled 
receiver, collecting only the first portion which passes over, till this 
distillate presents the appearance of a milky water covered with yellow 
oil, becoming clear as it cools, and gradually depositing bitter almond oil. 
It now remains to separate the propylic aldide from the more volatile 
aldehyde, from the less volatile butyral and bitter almond oil, and from 
water. To effect the first-mentioned separation, the milky liquid is 
introduced into a retort or a flash, to which is adapted a long tube slant- 
ing upwards at first, and afterwards conveying the vapours into the 
downwardly inclined condensing apparatus, and heated in the water-bath, 
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at first only to 40° or 50°, at which temperature nothing but aldehyde 
passes over, whilst the propylic, aldido coiidcuses in the upwardly inclined 
tube, and flows back again. The propylic aldide is then distilled over 
at 0.5^' to 70'", the first portions still containing aldehyde, whilst the last 
portions, which must bo collected a])arfc, are free from that impurity, and 
have a pleasant ethereal odour (at a higher temperature the but^^ral 
passes over, and above 100°, the bitter almond oil). The distillate col- 
lected between 05° and 75° is dehydrated over chloride of calcium, and 
distilled in a retort provided with a thermometer, whereupon it begins to 
boil at 40°. The distillate collected between 50° and 70° is tolerably pure 
jH'opylic aldide, not however exhibiting a perfectly constant l)oiling“ 2 )oiiit. 

After the aldidcs have been distilled olf, there remains in the retort 
a solution of formiatc, acetate, p>ropionatc, butyrate, valerate, caproatc, 
and benzoate of lime. These lime-salts arc converted into soda-salts by 
precipitation with carbonate of soda; the 2 )rccipitate further evaporated, 
so as to obtain by rejiealed cooling, crystals of acetate and formiatc of 
soda; the no longer cry s tall izable mother-liquor mixed with sulphuric 
acid; the brownish oily mixture of butyric, valeric, and benzoic acid, 
which rises to the surface, taken off; the butyric acid removed from it 
by repeated agitation with an equal quantity of cold water; the valeric 
acid distilled, the benzoic acid subliming at the same time; the mother- 
liquor obtained by decomposing the soda-salts with sulifliuric acid, 
decanted from the sulphate of soda, and mixed with the wash -water con- 
taining the butyric acid; and this mixture neniralizod with carbonate of 
soda, evaporated to dryness in the water-bath, and again dccom 2 )Oscd by 
dilute sulj)liiivio acid. A nearly, colourlct^s, oily acid mixture then remains, 
which when distilled by itself, begins to boil above 100°, yields propionic 
acid between 130° and 140°, and butyric acid between 160® and 1G5®, 
while ail oily mixture of butyric, valeric, and caproio acid, boiling above 
165°, remains in the retort. 


Properties of Propylic aldide. Transparent, colourless liquid, of sp. 
gr. 0-79 at 15°; boils between 55° and 65°. Vapour-density = 2'1 11. 
TIas a pleasant ethereal odour. Neutral. 

Guckelberger. 


6C 

. 36 . 

... G2-07 

Boil, at 55° to C0°. 
61*90 

At. 60° to 65°. 
62-18 

6 H 

.... 6 . 

... 10*31 

10*39 

10*6.3 

2 0 

... IG . 

... 27*59 

27*71 

27-19 



... 58 . 

... 100*00 

100*00 

... 100-00 


Metameric witli acetone. Tlic calculated vapour-density is, like tliat of acetone, 
(p. 3) = 2*0105. According to the theoretical views of Williamson, Gor- 

liardt, and Chancel, the formula of this body is ^ ^ |, jp^^opionic acid 

being 


Propylic aldide turns acid slowly when merely exposed to the air; 
but pretty quickly when in contact with platinum-black. The portion 
of the distillate which boils below 60° is not sensibly altered by potash, 
but the portion which boils above 60° is coloured yellow by it. Propylic 
aldide does not reduce nitrate of silver; it is therefore free from aldehyde 
(Gruckelberger) . 

The quantity of this compound obtained by Guckelberger was not sufficient fo 
enable him to demonstrate its difference from acetone with greater exactness. 

VOL. IX. 2 JD 
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Propionic Acid. 

J. GoTTEtm Ann. Phami. />2, 121, 

DumaSj MALAdtrTT, & Lkblano, OompL rend, 25, 050 and 781, 
llin)Ti'3N!tA<mMR, Ann, Pkarm, 57, 174, 

P. WnuarrsoN. FhiL Alag, [4], 0, 88; Ann. Pharm. 90, 36; Jafiresher. 
1 853, 438. 

M(>tacofic or Mf^iaeetonic acidj Metacdsaure, Metacetonsliure, AcuU mdac6- 
tomquOf AohU pvopioidqne. Discovered by Gottlieb in 1844, 

Somxes, In crude oil of amber, wlicnce it may bo obtahiod, togc- 
tbor with other volatile fatty acids, by distillation with water (Marssoii, 
Arch. Pharm, [2], 62, 1; Jaliresber, 1850, 494). — 2. In cocoa-nut milk 
after it has turned sour (Lowonich, Jahrh. pr. Pharm. 24, 218; Jahrenher. 

1 852, 678). — 3, In the distillate obtained from a tliin sort of wine 
from the Bergatrassc (Wincklor, Jahrl). pr. Pharm, 26, 209 ; Jaliresber. 

1853, 438). t. 

Formation. I. By heating cyanide of ethyl (VIII, 480) witli potash- 
ley (Dumas, Malaguti k Leblanc, CompL rend, 25, 056; Frankland k 
Kolbe, Phil. Mag. J. 31, 206; also Ann. Pharm. 65, 300; also J. pr. 
Ghem. 42, 313); 

CGNtD + 3HO + KO « C«I-PK:0^ + Nllk 

Cyanide of ethyl is also decomposed by distillation with a mixture of 
1 pt. oil of vitriol and 2 pts. water, yielding sulphate of ammonia and a 
distillate of propionic acid (Frankland Kolbe): 

emP + 4HO + S03 =. + NIP,SOk 

2. In the oxidation of metacotono by chromate of potash and sulphuric 
acid (Gottlieb; vid. Metacetone). — 3. By heating common sugar, mannito, 
starch, or gum with concentrated potash (Gottlieb). — 4, By exposing 
an aqueous solution of glycerine mixed with yeast to the air (lUalion" 
bacher). Apparently also when glycerine is exposed to tlieair in coiitaicfc 
with platinnm-hlnck (Dobereiner). — 5. When oleic acid is distilled 
with nitric acid, a moderate quantity of propionic acid is formed, together 
with many other volatile acids (Hedtciibachcr, Ann. Pharm. 59, 4 1 : vid. 
Oleic acid). — 0. In the distillation of casein or fibrin with peroxide of 
manganese and dilute sulphuric acid (Guckelbcrgor, pp. 400, 401); also 
of vegetable fibrin (F. Keller, Ann. Pka7-m. 72, 24). — 7. In the putre- 
faction of peas or lentils under water, butyric acid being formed at tlio 
same time (Bohme, J. pr. Ghem. 41, 278).' — 8, In the dry distillation 
of beeswax (Polock). — 9. In the oxidation, by nitric acid, of the 

more volatile distillation-products of rapo*oil (F. C. Schneider, Anrt. 
Pharm. 70, 107). — 10. In the oxidation of oil of turpentine by nitric 
acid (Sclineider, Wien Alcad. P>er. 1849, 337). — 11. From the volatile 
oil of AzafmMa\ a. By distilling the oil with water, the aqueous distil- 
late containing propionic and valeric acids. — b. By heating the crude 
oil to 200"’, sulphuretted hydrogen being then evolved, and the same two 
acids being found in the residue. — c. By oxidizing the crude oil with 
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nitric acid, in wliicli case acetic and oxalic acid are likewise formed, — 
or by clironiic acid, wliicli likewise yields acetic acid (Hlasiwctz, Aoin, 
Pharm. 71, 23). — 12. Oil of mustard oxidized by cliromic acid, yields 
a large quantity of acetic, and a small quantity of propionic acid 
(Hlasiwetz). ' — ^13. By the fermentation of citrate of lime, indiiced by 
contact with decaying cheese: this process yields sometimes a mixture of 
acetic and propionic acid, sometimes only acetic acid (IL How, GImii. 
Soc. Qii. J. V, 1). — 14. By the fermentation of bran induced by con- 
tact with leather (F. Keller, Phcoifi, 73, 205). The formatioa of pro- 
pionic acid in this maimer is denied by Foistcr (C/iem. Soc. Qii. I. V, 28).— 
15. By the fcr’inontation of sugar in contact with chalk and old cheese. — ' 
A mixture of this kind fprepared according to Bcnsch s directions for 
the formation of lactic acid), having been left during winter in a room 
which was heated during the day only, deposited crusts of lactate of lime 
after the lapse of two or three months (in a warm ])laco this effect taken 
place in 8 or 10 days); when concentrated by evaporation, it yielded 
more lactate of lime and crystals of inannitc; and when subsequently 
left for some months during summer in a place whoso temperature did 
not exceed 20'" or 22^, the water being renewed as it evaporated, largo 
quantities of propionic and acetic acids were formed, but no butyric acid. 
The two acids were separated by partial saturation with potash and distil- 
lation, the propionic acid passing over first, and the acetic acid remaining 
in the residue'*' (Strockcr, Compt, rend. 39, 49 ; Ckem. 8oc. Qn, X 
7, 276). 

Preparation. Cyanide of ethyl is added by drops to moderately 
strong potash-ley heated in a tubulated retort; the distillate repeatedly 
poured back till it no longer smells of cyanido of ethyl, but only of 
ammonia; and the propionate of potash which remains in the retort, 
distilled with syrupy phosphoric acid. The propionic acid which passes 
over towards the end of the process is crystalline (Dumas, &c.). Frank- 
land & Kolbo used sulphuric acid instead of phosphoric. — The cyanide 
of ethyl required for this process may be advantageously obtained by 
decomposing cyanide of potassium with iodide of ethyl. Crude iodide 
of ethyl is mixed with about four times its volume of alcohol, and the 
mixture introduced into a flask containing more than an equivalent 
quantity of cyanido of potassium. The flask is connected with a Liebig's 
condenser, in such a mamior that when it is heated in the water-bath, the 
condensed vapours may flow back again. A few drops of liquid are 
taken out from time to time by inclining the apparatus, and tested for 
iodine with boiling alcoholic potash. As soon as the reaction is com- 
plete, the liquid is distilled to diyncss, and tlio saline residue washed by 
distilling a little alcohol over it. The distilled li(j[nid is then decomposed 
by potash as above, for which process also the apparatus just described 
may be conveniently employed; it is advisable also to connect the con- 
denser with one or two Wouifo’s bottles to absorb the ammonia (William- 
son, Phil. May. [4], 6, 205). 

2. Metacetone is introduced into a mixture of dilute sulphuric acid 
and chromate of potash contained in a capacious retort, and distilled 

When a mixture of acetic acid with propionic, butyric, or valerianic acid is par- 
tially neutralized with potash and distilled, the acetic acid, although the most volatile, 
always remains in the residue in preference to the others, apparently in consequence of 
the formation of an acid acetate, which is not decomposed by either of the other acids 
(Liebig, Ann. Pharm. 71, 355). 


2 n 2 
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after tlio offcrvoscetice caused by tbc fomation of carbonic acid lias 
ccaso<b Undccotuposcd inetacotono passoH over firiatj then a mixture of 
]>ropiouic and acetic aci<ls, xvbich must bocollocteil in a separate I’ccoivor. 
'.riiis mix taro is ucuiralized with carbonate of soda, and oyaporatod till 
the groat er ])art of the acetate of soda crystallizes out; and the thick 
in other-1 i<|Uorj which yichls no more crystais, dilutod with water and loft 
to evaporate slowly, whoreupon acetate of soda again crystallizes out. 
The mother-liquor tliuH freed from the greater portion of this saU> is then 
distilled with sulphuric acid (Gottlieb). 

S. Potash-ley is couccntratoil so fiir tliat it would solidify on cooling, 
and common sugar introduced into it (about 1 pt. sugar to 3 jits. hydrate 
of potash) the lioating being continued all the time. The mixture turns 
brown and continually gives off hydrogen, first with the odour of caramel, 
afterwards with a more aromatic odour; becomes viscid in a few minutes, 
still continuing to froth; then loses its colour and becomes tolerably 
solid. The fire is now removed; the pale yellow saline mass dissolved 
when cold in a small quantity of water; the solution supersaturated, 
gradually so as to avoid great rise of temperature, with moderately dilute 
sulphuric acid, which causes a great evolution of carbonic acid; then 
filtered, acid oxalate of potash remaining on the filter; distilled; the 
distillate containing formic, acetic, and propionic acid, boiled with excess 
of mercuric oxide as long as carbonic acid coniinnes to escape, to destroy 
the formic acid; the mercury removed from the filtrate by sulphuretted 
hydrogen; and the filtrate containing acetic and propionic acids treated 
with carbonate of soda, &c., as in (2). The jiroduct is but small. (Gottlieb). 

4. A solution of glycerine in a large quantity of water is mixed with 
well washed yeast, and exposed to the air for several months at 20‘^ to 
30®, the water being occasionally renewed, and the liquid frequently 
stirred to divide the yeast which rises to the surfixco, and aggregates in 
fungoid masses; the acid as it forms is frequently neutralized, till the 
liquid no longer turns sour; after which it is evaporated, and the saline 
mass distilled with dilute sulphuric acid. The acid thus obtained is 
somewhat contaminated with acetic and formic acid, 

5. Casein is distilled with manganese and dilute sulphuric acid 
(Guckelberger, pp. 401, 401). 

6. Lentils or peas immersed in water are exposed to the sun; the 
putrefied mass distilled with sulphuric acid, which retains tlio ammonia; 
the distillate saturated with carbonate of baryta, ^c. The ])ropionic 
acid thus obtained is contaminated with butyric acid, especially when 
peas are used (Bohme). 

IT. Wheat-bran is stirred up with 10 times its weight of water at 
50° or 60°, to a pasty consistence; mixed with a fourth of its weight of 
coarsely cut leather parings; pounded chalk added; and the mixture loft 
to ferment in a warm place. As soou as the tumefied spongy mass has sunk 
together (an effect which takes place in a few days in summer, but only 
after several weeks iu winter), it is strained and washed; the liquid 
saturated with carbonate of soda and evaporated; and the acid which has 
formed, separated from the residue by sulphuric acid. On partially satu- 
rating the resulting acid with carbonate of soda and distilling, a residue 
is obtained consisting of acetate and propionate of soda. No other acid 
appears to be formed (Kcllei*). — R. W, Forster, in repeating this process, did 
not obtain any propionic acid, though he left the mixture in a warm place for three 
weeks : the acid which formed appeared to him to be chiefly formic acid. 
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8. Propionic acid may also bo obtained in considerable qnantifcj by the 
fermentation of sugar induced by old cheese (Streaker, p. 403). T 

JBropertles, The acid dehydrated as completely as possible, crystal- 
lizes in lamina} and boils at 140^ (Dumas, <fec.). The aqueous acid smells 
of butyric and acrylic’acid together, and tastes rery sour (Gottlieb). 

Calculation. 


C C 36 .... 48-G5 

6 II 6 .... 8-n 

4 0 32 .... 43-24 

O'HW 74 .... 100-00 


According to Williamson and Gerhardt, the formula of the hydrated acid is 
H J according to IColbe, it contains ethyl conjugated with 2 At. C, and its 
formula is HO, (CHP)CbO^. 1[. 

ComUnations. The acid dissolves in water in all proportions (Dumas, 
&c). Water dissolves only a certain quantity of it, the excess of the acid 
floating on the water in oily drops (Redtenbachcr). On the surface of 
aqueous phosphoric acid or solution of chloride of calcium, it floats in the 
form of an oily stratum (Dumas, &c.). 

T\\o Fropioiiaies^ when heated alone, emit an odour like that of alkarsin, 
and when heated with dilute sulphuric acid, give olF the odour of pro- 
pionic acid; they arc soluble in water and most of them are crystal lizablo. 
According to Dumas, S^c., the alkaline propionates are unctuous to tbo 
touch. 

Propionate of Ammonia. — Converted by anhydrous phosphoric acid, 
with loss of water, into cyanide of ethyl (= propylon itrile) (Dumas, &c.): 

4 HO. 

Propionate of Potash. — White, with pearly lustre, 

unctuous to the touch, very soluble iu water (Dumas, See.) Thin lamina? 
(Strecker). 

Propionate of Soda. — C®H%0‘^H-2Aq. — Very soluble in water, 
and apparently nncrystallizable (Dumas, (fee.). — When dried in the air 
it forms an amorphous mass (Strecker). 

Aceto-propionate of Soda. — The preparation of this salt succeeded 
only once. Delicate shining needles, very easily soluble in water. They 
lose 30*55 (9 At.) water by drying, and the dry salt contains 35-13 p.c. 
soda. Hence the crystals =C®H®JNaO'‘-l-C’*H^NaO^-f 9 Aq. (Gottlieb). 

Propionate of Barijta, — Segments of regular octobedrons, very easily 
soluble in water (Bohmo). [Respecting the crystalline form, rid. Pro- 
vostaye Compt. rend. 25, 782]. Yields propiono, by dry 

distillation (Morley, p. 409). 

Frankkna & 

Crystals. Bohme. Kolbe. Wrigbtson. 

BaO 76-6 .... 54*10 54*10 53*65 63*30 

6C 36*0 .... 25*42 23*40 24 98 

5 H 5*0 .... 3*53 3*66 3*79 

3 0 24-0 ... 16*95 18*84 17*58 

CTPBaO*^ 141*6 .... 100*00 100*00 100*00 

Wrightsoak salt was purified by recrystallization, and dried at 100°. 
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IT With 1 At. Water, The aqueous solution yields by spontanoous 
evaporation, largo, beautiful and very regular ])rismatiG crystals contain- 
ing 1 At. ■water of crystallization, wliicli is driven oil:’ at 100^. (Wriglit- 
son). 


BaO 

76*6 .. 

.. 50-80 

6 C 

36*0 .. 

.. 23*90 

5 H 


3*32 

3 0 

21-0 .. 

.. 15*9t 

HO 

9*0 .. 

.. 5*98 


CT-PJIaO^ + Aq .... 150*6 .... lOO’OO 


Wrigbtson. 


5-97 


Strocker likewise obtained crystals belonging to the rhombic system, 
containing 1 At. water, and soluble in 1*3 pt. water at 15°. 


Propionate of Lime, — Obtained by neutralizing an aqueous solution 
of propionic acid with recently precipitated carbonate of lime. Crystal- 
lizes by spontaneous evaporation in long and very beautiful prisms wliicli 
unite in tufts. Not altered by exposure to the air, and even when dried 
over snlphiiric acid, it retains 1 At. water of crystallization, which docs 
not go off till the salt is heated to 100° (Wrightsoii). 


CaO 

6 C 

5 H 

3 0 

Anhydrous. 

28 .. 

36 .. 

5 .. 

24 .. 

,. 30*11 .. 
.. 38*71 
.. 5*38 

.. 25*80 

Wrightson. 
30*4 

C^HsCaO^ 

93 . 

.. 100*00 



Crystallized. 


Wrightsc 

CaO 

28 

.... 27*45 


6 C 

36 

.... 35*30 


5 H 

5 

.... 4*90 


3 0 


.... 23*53 


HO 

9 

.... 8*82 

8*8 


C«IWaO‘^ + Aq 102 .... 100*00 


Strecker also obtained the anhydrous salt C^LPCaO'*’ in silky piillcis. IT 

Propionate of Lead. The solution, which has a sweet taste, dries tip 
without yielding crystals, to a white mass, which when dried at 1 00" 
contains 63*4 p.o. oxide of lead (Frankland & Jvolhe). IF Needles 
composed of 2Pb0,C‘^H®03 [PbO,C«IPPbO'] (Strocker). This formula 
requires 77*51 p.c. PbO. 

Chloride of barium added to a tolerably concentrated solution of 
propionate of lead, forms at first a somewhat copious precipitate which 
disappears by agitation; if the addition of the chloride bo continued, a 
point is at length attained at which the precipitate no longer rcdissolvcs; 
if the liquid be then filtered, and left to evaporate, cliloridc of leacl 
separates at first, and afterwards magnificent limpid crystals which appear 
to belong to the tetragonal system. They dissolve readily in water, and 
produce gyratory movements on the surface of that liquid. They contain 
4*15 to 3*8S p.c. chlorine, 35*06 to 35*70 lead, and 24*32 to 24**2 barium 
(Nickles, Ann, Pharm. 61, 843). 
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Propionate of Copper, — Obtained by neutralizing tlie aqueous acid 
witli carbonate of copper. Very regular green octohedrons, sometimes 
■with cube~faccs. Dissolves in water with tolerable facility, and is easily 
obtained in crystals by spontaneous evaporation. The crystals dried 
over oil of vitriol retain 1 At. water, which goes off at 1()0‘^ (Wrightson). 
— Crystallizes in small obli(pio prisms very soluble in alcohol but very 
sparingly in water. ITeated to 100'^ in a current of dry air, it gives 
otr its water, together with a certain quantity of propionic acid. If 
from this point the temperature bo suddenly raised to dull redness, 
the decomposition proceeds rapidly, with evolution of combustible 
gases which carry away a portion of the salt. The px’oducts of this 
distillation are: an odoriferous liquid composed of propionic acid and 
an oily body insoluble in water; carbonic aci<l and a hydrocarbon; 
and a residue of metallic copper and charcoal (Nicklcs, Compt, mens, 
1840, 348). 

Anhydrous, Wrightson. 


CuO 

40 . 

... 38-09 .... 

.... 37*68 

6 C 

30 , 

... 34-29 


5 H 

5 . 

... 4-70 


3 0 

21 . 

... 22-86 


CWCuO^ 

105 . 

... 100-00 



CuO 

Crystallized, 
40 .. 

.. 35-09 

Wriglitson. 

6C 

36 .. 

.. 31-58 


5 H 


.. 4-39 


3 0 

24 .. 

.. 21-05 


HO 

0 .. 

.. 7*89 . 

7-9 


OdDCuO-^xAq 114 .... 100-00 


Nicklos. 


Streokor likewise obtained the hydrated salt, C®H®CuO^+ Aq. in green 
crystals probably isomorphous with the acetate. IF 


Propionate of Silver, — - Obtained by adding nitrate of silver to the 
concentrated aqueous solution of the soda-salt as long as a precij)itato is 
formed; boiling the ])i'ccipitato in the liquid till it divStsolvcs, whereupon 
some of the silver is reduced; and filtering at the boiling heat: the liquid 
on cooling yields white, shining, heavy granules, which when examined 
by the microscope arc found to consia of geodes of needles. A few more 
crystals may be obtained l)y evaporating the mother-liquor. The salt 
when merely exposed to light, remains unaltered for several weeks; hut at 
100^, it sullers ])artial decomposition and becomes black-brown. At a 
higher temperature, it melts quietly and burns away without noise 
(Gottlieb). — The white crystalline precipitate obtained' by treating the 
potash-salt with nitrate of silver, crystallizes from its hot aqueous solution 
in delicate, shining tufts (Dumas, Malagnti & Leblanc). - — When the 
precipitate is dissolved in boiling water, the greater part of it decom- 
poses; and the crystals obtained from the solution decompose when heated, 
giving off acid vapours (Guckelbcrger). — Small crystalline laminm, 
which, cither in the dry state or in solution, blacken when exposed to 
light or heated to 100^. Less soluble in water than the acetate (Frank- 
land & Kolbe). 
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, * Franldaud Red ten- 

CrystaUizedf dried in mcMO, & Kolbo. * baclicr. MorRy, 


(1) (2) (3) (4) 

AgO IIG .... 04-00 .... 01-29 .... C4-00 .... 03*83 .... 04-03 .... 01*31 

6 C 36 .... 19-89 .... 19-7B .... 19*76 .... 19*74 .... lO'BO 

H 5 .... 2-70 .... 2-08 .... 2*80 .... 2-78 .... 2*70 

0 24 .... 13*26 .... 13-25 .... 13-4.1 .... 13*65 .... 12-73 


CWAgO'i .... 181 .... 100*00 .... 100-00 .... 100-00 .... 100*00 .... 100*00 

The numbers (1), (2), (3), and (4) refer to the modes of preparation of the acid 
used in forming the silver-salt. 


Aceto-propimiate of Silver. C^^H^Ag.^O'^. — When a solution contain- 
ing both propionate and acetate of soda is heated to the boiling point 
•with nitrate of silver and filtered hot, the double salt crystallizes on 
cooling, in shining dendrites loosely coherent when dry. If the salt be 
decomposed by aqueous chloride of sodium, the filtrate yields by evapo- 
ration crystals of acetate of soda (Gottlieb). The crystals do not melt 
at a higher temperature (Guckelbcrgor). They dissolve sparingly in 
water, and the solution turns black or brown at a boiling heat, and yields 
reduced silver (Frankland & Kolbo; Poleck). 

IT Acetopropionic acid is also produced by the fermentation of citrate 
of lime in contact with putrefying curd. When crystallized citric acid 
powdered and made np into a thin paste with excess of chalk and water, 
is mixed with a fourth of its weight of curd, the mixture diluted with ten 
times its bulk of water, aud set aside in a warm place, carbonic acid 
and hydrogen gases are evolved, and in about three weeks an acid liquid 
is obtained, which, when neutralized with carbonate of soda, filtered, 
evaporated, and distilled with sulphuric acid, yields, first aceto-propionic 
and afterwards acetic acid. — The first portion of the distillate, neutralized 
with ammonia and treated with nitrate of silver, yielded a copious white 
flocky precipitate which dissolved in water with partial decomposition 
and blackening, but nevertheless formed a solution which deposited 
acetopropionate of silver (a) in white rounded granules, presenting under 
strong magnifying power the appeal ance of sasifrage or lycopodium. It 
was not affected by light but was speedily blackened at 100°. — Another 
portion of the first distillate was saturated with carbonate of lead, and the 
solution evaporated to a syrup, which solidified in an opaque, cryKstalline 
mass on cooling; this, when distilled with strong sulphuric acid, yiedded a 
pungent acid liquid, which, when neutralized with carbonate of soda and 
treated with nitrate of silvci', yielded a salt (6) similar in external 
character to a (How, Ghem, Soc. Qu. J, 5, 1). IT 


Crystallised, 


Gottlieb. 

Guckel- 

berger. 

Poleck. 

Redtcn- 

bacber. 

How. 
a. d. 

2AgO 

232 

66*67 

66-43 

C7-06 

64-75 

GG-87 

Gf)-;o 

67*13 

10 C 

60 

17*24 

17-45 


16-87 

17-61 

16*63 

17*07 

8H 

8 

2-30 

2-40 


2*45 

2*23 

2*51 

2-58 

6 0 

48 

13-79 

13*72 


15-93 

13*26 

14*16 

13*22 

C6H’5AgO-^,C'iH3AgO^ .... 

348 

100-00 100-00 


100-00 

100*00 

100 00 

100*00 


% How’s salts were dried in vacuo. The latter portion of the di.stillatc obtained by 
the fermentation of citrate of lime, as above descabed, was found to consist of acetic acid. 
In a second experiment of the same kind;, with slightly varying circumstances, nothing 
but acetic acid was obtained (How). 
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Conjugated Compound of Propiomo Acid. 

Propionate of Ethyl. 

Gottlieb. Ann. Pkarm. 52, 126. 

Propionic Ether, Metacelic Ether, metacetsciures Aeiliyloxyd, Ether mctace'iique. 

When propionate of silver is boiled witli a mixture of absolute alco- 
hol and oil of vitriol, and water added, propionic ether rises to the 
surface, in the form of a light liquid, having an agreeable fruity odour, 
but different from that of butyric ether (Gottlieb). 

Propionic ether in contact with aqueous ammonia is quickly converted 
into propion amide (metacetamide) and alcohol (Dumas, Malaguti, & 
Leblanc) . 


Propione. C“H'''0== 

Fbemy. An7i. Chwi. Phg$. 59, 6; also An7i. Pharm. 15, 278 ; also 
J. pr. Chem, 5, 347. 

Gottlieb. An^i. Plian^i. 52, 127. 

Chancel. Go^npt. I'e^id. 20, 1582 and 21, 908. 

II. J. Mobley. Chem. Soc. Qu. J. 4, 1; Ann. Pham. 78; 187; abstr. 
Pharm. Centr. 1851, 524; J. pr. Chem. 53, 179; N. J. Pharm. 19, 
391; Jahresber. 1851, 437. 

MetacetonCy Metaceion. — Discovered by Freray in 1835. — Sometimes found in 
crude wood-spirit (Caliours, p. 50). 

Formation. 1. In the distillation of sugar, starch, gum (Frcmy) 
or mannitc (Favre), with excess of lime. — The first product is probably 
propionate of lime, which at a higher temperature is resolved into 
carbonate of lime, water, and propione (Chancel) : 

2OTDCaO^ = 2(Ca0,C02) + Ci"lP0O2. 

2. By iho distillation of lactato of lime (Favre, A7 An? 2 . Chim. Phys. 
11, 80). — 3, By the distillation of propionate of baryta (Morley). 

PrepaixLtion, 1. An intimate mixture of 1 pt. sugar, starch, or gum 
with 8 pts. of burnt lime, is gently heated in a retort largo enough to hold 
double the quantity, and the fire removed as soon as the lime becomes 
boated by the water evolved from the sugai', tlio beat thus developed being 
sufficient to continne and complete the distillation. The oily product 
which passes over is freed from the greater part of the acetone by agita- 
tion with water; the undissolved oil distilled at an increasing heat; and the 
receiver changed as soon as the liquid which passes over is no longer 
soluble in water, and consequently the greater part of the acetone has 
distilled over. The last distillate, after being several times briskly 
agitated with water, is again fractionally distilled, and set aside for three 
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(lays ill contact wiili clilorido of calcium; if it bo tlicn decanted and 
distilled, it yields pure projiiono (Frciny). — A lari>:or (puintitj of pro- 
pioiio is obtaiiu'd by talcing 1 pt. sugai* to 3 pts. liinc, and distilling in a 
still provided with a well cooled condensing tnlio (Gottlieb). — 1 2. Pro- 
pionate of baryta subjected to <lry distillation, 'wliicb may b('. conveniently 
performed in Florence flasks (])lac(Hl obIi(piely on a, wiro-gair/o over a 
gas-burner) yields a brown li<|ni(l of not unjileasant odour, and chu.nging 
to light yellow when dehydratod over chloride of calcinni and recailiod. 
Thus ])uriticd, it begins to boil at 80 "; but the boiling ])oint rapidly rises 
to 100*^, and subsc(|iicntly to J08'’. By further rectilication, a portion 
may bo obtained which boils at 100'^: this is the pure propioiio (Mor- 
ley), t 

Properties. Colourless oil boiling at 84^ (Froiny). Colourless or 
pale yellow; boils at 100° (Morloy). Has an agreeable odour (Promy, 
Morlcy). Lighter than water (Morlcy). 


Calculation, according to Fremy. 

Fremy. 

12 C 

72 , 

... 73-47 .. 

73-50 

10 H 

10 . 

.. 10-20 ... 

10-12 

2 0 

IG . 

... lG-33 ... 

1G-3B 



98 . 

... lOO'OO ... 

100-00 

Calculation, according to Chancel. 

Morlcy- 

10 C 

GO ., 

... 69-77 .... 

..... 69-34 

10 H 

10 . 

... 11-G3 ... 

11-83 

2 0 

16 . 

... 18-60 ... 

18-83 

Ci«Hi»02 

86 . 

... 100-00 ... 

100-00 


Fremy’s calculation agrees best with his own analysis; but ChaucePs calculation, 
according to which propione is a ketone (VII, 214) is by far the more probable of the 
two. ^Moreover, Chancel’s calcuUtion agrees best with Morley’s analysis, which, being 
of recent date, is much more reliable than Fremy’s, the latter having been made at a 
time when the methods of organic analysis were very imperfect. 

I)eoomj)ositions. Propione is very inflammable and burns with a pale 
blue flame without deposition of carbon (Morlcy). — 2. It is oxidij!;c(t by 
fuming or boiling nitric acid, yielding propionic acid, but no nitro])ro- 
picnic or acetic acid (Morley). If— Nitric acid convortn propione into 
nitropropionic acid (Chancel). •— 2. By sulpluiric acid and bichromate 
of potash, it is converted, with rise of temperature and evolution of 
carbonic acid into propionic and acetic acids (Gottlieb). [If the (uubonic 
acid be regarded as a result of oxidation carried too far, the dcconi])osi- 
tion may be expressed by the e(][uation: 

CH)hv-' 0^ + 06 - + CdFQi]. 

■Wlien propione is dropped upon hydrate of potash fused in a tuhubitod 
retort, it distils over for the most part unaltered, leaving mere traces of 
propionic acid in combination with the potash. Similarly with a mixture 
of lime and hydrate of potash (Gottlieb). 

Combinations. Propione is insoluble in water, but dissolves readily 
in alcohol and ether (Freniy, Morley), 
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Propylamine, eiPN=cw,NiP= ii In. 

n J 

Triti/lamme^ Metacetamine^ Oenylaminc, — Thin base, or ono niota- 
iiieric with it, was first obtained by Worthciui in 1850. It is obtained: 

I. By distilling narcoiim at 220° to 250° with potash-lime or soda-liino 

(Wertheim, Ann. Pharm. 73, 208). — 2. By distilling codeine at 120'' to 
175°, with potash or soda-lime. Ammonia is then evolved, and a watery 
liquid distils over, which has a peculiar pungent odour; and when dis- 
tilled with hydrate of potash, yields, besides ammonia and a small 
quantity of a basic crystalline body, two volatile bases, viz. gaseous 
methylamine, and propylamine in the form of an oily liquid (Anderson, 
Edinh. Phil. 20, I, 557; Qhem. Gm. 4.1, 68; Ann. Pharm. 77, 

341; Jahresher. 1850, 420). — 3. From bone-oil. When the rectified 
oil was shaken up with sulphuric acid and distilled (to separate the 
pyrrol-bases) the residue treated with slaked lime and distilled to separate 
the bases which had been retained by the acid, a watery liquid passed 
over, from which, by the addition of solid hydrate of potash, the bases 
were separated as an oily layer. This oil, when fractionally distilled, 
yielded several bases, the most volatile of which, boiling below 65°, 
was propylamine (Andoi’son, Edinl). Phil. Trans. 20, II, 247; Phil. 
Mag. [4], 2, 257; Clie7n. Soc. Qu,. J. 5, 50). — 4. From the brine of 

salted heri’ings (see page 413) by distillation with potash (Werthoim, 

Wien Alcad. Ber. 6, 113; J. pr. Gliem. 53, 435; Jahresler. 0, 113; 

J. pr. Oheni. 53, 43; Jahresher, 1851, 480). — 5. From Chempo^ 

div/ni nuhaida {sUnlcing goosefoot, Ghenopodium oUdum), by distillation 
with dilute potash or carbonate of soda (Bossaignes, Compt. 7'end. 33, 
358; Ann. Pharm. 71, 106). — 6. From the flowers of the white thorn 
{Oratcegus oxgoLcanlha), by distillation with dilute soda or potash. It 
exists most abundantly in the half-developed buds, and gradually 
volatilizes as the flower expands; also, according to Wittstein, in the 
flowers of Gratcegus mo7iogyna, Sorbus aucaparia, and Pyrus commwiis 
(W, Wickc, Ann. Plumi. 01, 121). — 7. From ergot of 7nje (Secale 
cornutim) by distillation with quicklime or potash-lime (Walz, Jahrb. 
pr. Pharm. 24, 242; Jahresher. 1852, 552; Wincklcr, B. Eepert. Pharm. 
1, 116; Jahresher. 1852, 553. Wincklcr {Jahrb. pr. Pharm. 26, 120; 
Jahresher. 1853, 562) also treated ergot of rye pulverized and dried at 
56°, first with otber, which extracted a fat oil, and tben with water; mixed 
the aqueous extract with strong alcohol, which precipitated an albuminous 
substance; separated this precipitate by filtration; distilled ofl’ the alcohol 
from the filtrate; and evaporated the residue to dryness. The residue 
dissolved in alcohol and in water*, with separation of a light brown 
powder; and when distilled with lime, yielded, not ammonia, but propy- 
lamine [or trimetbylamino], Winckler regards the residue as consisting 
mainly of propylamine combined with ergotin. — In the flowers of Crati^yus, 
&c., in the leaves of clienopodium, and in bone-oil, and herring'-bnne, the propy- 
lamine appears to exist ready formed; but that which is obtained from narcotine, codeine, 
and erjjot of rye, by distillation with lime or potash -lime at high temperatures, is most 
probably a product of decomposition. — 8. Propylamine is also formed by the 
action of aqueous ammonia on iodopropjlenc C®H®I. (Bertlielot & Bo 
Luci, p. 427.) [This is impossible, since iodopropyicne contains only 5H]. 

Propylamine is a perfectly clear colaurless liquid, having a strong, 
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pungent, and somewhat aimnoniacal odour (Anderson); that which is 
obtained from iiarcotino has a fishy odour, like that of salted herrin^rs 
(\¥orihoini). Forms a thick white cloud when a rod moistened with 
hydrochloric acid is held near it (Anderson). — Heated with nitrite of 
potash, it yields nitrite of propyl (Hofmann, Ghem, Soc* Qil J, 3, 231). 
It is soluble in water, and combines readily with acids. 

Sulphate of Tropylamine, — Dissolves readily in water and alcohol 
(Werthoim). 

IFydroohlorate, — Crystallizes in largo tables (Anderson}. Dissolves 
readily in water and alcohol. The salt prepared with propylamine 
obtained from' Chenopodium is deliquescent, and crystallizes from a very 
strong solution in elongated prisms. Its aqueous solution mixed with 
potash smells like salt cod or boiled crabs, and tastes like salt which has 
been used for salting cod ( Dessaignes). Deliquescent, soluble in abso- 
lute alcohol (Bcrthelot & De Luca). 


Gold-salt — By mixing the’ solution of the liydrochlorato with tcr- 
chlorido of gold, the gold-salt is obtained in crystals resembling those of 
sal-ammoniac, and arranged in feathery groups (Dessaignes). 


G C 36-0 .... 8-9<) 

10 H 10-0 2-50 

N 14*0 3*49 

4 Cl 141*0 35*34 

Au 199*0 49*08 


CWN,HCl,AuC13 .... 400*6 .... 100*00 


Dessaignes. 


49*39 


PlatinuTii'Salt. — Obtained by mixing the aqueous or alcoholic solution 
of the hydrochlorate with bichloride of platinum. Dissolves readily in 
cold water, still more in boiling water, sparingly in alcohol and cthei*, 
these liquids in fact precipitating it from its aqueous solution (Anderson). 
From the hot aqueous solution it crystallizes in beautiful golden-yellow 
scales (a), or in long needles (6), (Anderson); in extremely beautiful 
orange-yellow crystalline geodos (Wertheim). 


Dessaignes. Anderson. Wickc. 
a. h, 

C C 36*0 .... 13*58 .... 13*93 .... 33*27 .... 12*27 

10 II 10*0 .... 3*77 .... 3*91 .... 3*88 .... 3‘62 

N 14*0 .... 5*27 .... 5*10 

3 Cl 10()*2 .... 40*05 .... 40*r)0 

Vt 99*0 .... 37*33 ... 37*02 .... 37*50 .... 37*03 .... 37* 


C'5H^N,HCbPtCP 265*2 .... 100*00 .... 100*46 


Anderson^s salt a was prepared with propylamine obtained from hone-oil ; h, with 
the base obtained by distilling codeine with soda-lime. The alkaline distillate obtained 
by the latter process was saturated with hydrochloim acid, evaporated to dryness, and 
treated with absolute alcohol, which left a large quantity of sal-ammoniac undissolved. 
The filtrate was mixed with an alcoholic solution of bichloride of platinum, and the 
precipitated double-salts dissolved in hot absolute alcohol, with addition of a small 
quantity ^of water. The liquid on cooling deposited pure chloroplatina(c of methyl- 
amine (VII, 318). The mother-liquor w’as then evaporated and treated with ether, 
which threw down chloroplatinate of pro])ylamine. The precipitate was partially 
piiriOed by crystallization from water; but the quantity obtained was not sufficient to 
allow of its being completely freed from the mcthylamine-salt ; consequently the 
amount of carbon came out too small and that of platinum too great. — Dessaigne's 
propylamine was obtained from Che^iop)odium miharia; Wicke's from the flowers of the 
white thorn. 
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As propylamino is mctamcric witli trimcfcliylainino, 

(C’^I“P)^N, and with mcthylcthylaminc, (C*IP),{C‘di®),H,N; tlio haaos 
obtained from the several sources mentioned on page 41 J, may possibly be 
one or other of those methyl-compounds; for there is nothing in any of 
tlio characters above-mentioned that can servo to distinguish clearly 
between those and propylamine. — In the case of herring-brine indeed, 
it has boon distinctly shown by Itofmanu and Winkles (Ami. Phaiin. 
So, IIG; Chem. Soc. Qu. J. 7, 03), that the base obtained is really 
trlmcthylainine; for when treated with iodide of methyl it yields iodide 
of tctraniethylium (VII, 321). The same experiment made upon the 
bases obtained from the other sources ahovc-mentioned would decide the 
question as to their nature. The fishy odour observed in more than one 
of them, seems however to indicate a connection with the nicthyl- 
compoiincls; moreover, Anderson’s propylamino obtained both from bone* 
oil and from codeine, was actually associated with methylaminc. Perhaps 
the base obtained from the flowers of the white-thorn and other plants of 
the same family, has the best right to be regarded as the real propy- 
lamine, inasmuch as the odour of those flowers is quite distinct from that 
of the methyl-bases, and has no fishy character. 


t Arsenide of Propyl. 

WoiTLER. Ann. PJiarm. 68, 127. 

Arsenide of Triiyl, Cacodijl of bubjric acid* 

When equal weights of butyrate of potash and arscnioiis acid, both 
well dried, are distilled together, a distillate is obtained consisting of two 
liquids, the upper nearly colourless, but the lower nearly black from the 
presence of metallic arsenic; this lower liquid, which docs not mix with 
the upper, emits an odour like that of oxide of cacodyl. A large quantity 
of very stinking gas is at the same time evolved, and much arsenic is 
reduced. 

When the entire distillate has been shaken up with water and 
magnesia, there passes over with the water a heavy colourless oil, which, 
as soon as it comes in contact with the air, becomes orange -yellow and 
ultimately dark-brown. This oil has a very oflensive odour, like that of 
cacodyl, burns with a white flame, emitting an arsenical fame, but docs 
take fire spontaneously or even fume on coming in contact with the 
air. When digested with strong hydrochloric acid, it acquires an odour 
which strongly irritates the eyes and nose. 

The watery liquid which distils over together with this oil, appears 
to contain a considerable quantity of it in solution. When placed in 
contact with a solution of corrosive sublimate, it forms a nearly white 
precipitate, nearly losing at the same time its cacodylic odour, and 
acquiring an aromatic odour like that of butyiine. The precipitate 
dissolves when heated, and separates again in small crystals on cooling. 

On mixing the entire liquid together with the precipitate with hydro- 
chloric acid, and introducingsoine cuttings of zinc, the disagreeable cacodylic 
odour is soon reproduced, and tbe evolved hydrogen gradually acquires 
the property of diffusing copious white vapours in the air, and depositing 
an orange-coloured substance on cold bodies. On subjecting the mixture 
to distillation, a fetid oil passes over which fumes in the air, but does not 
take fire spontaneously (Whhler). ^ 
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Appendix to JBropionic Acid, 

Pseudoacetic Acid, 

Acide Itityroacetique (Nicklcs). This acid was discovered by X. llnoi* 
ill 1841. Berzelius (Jahresber, 9,2, 233) pronounced it to be a mixture 
of butyric and acetic acid, and Nickles regarded it as a conjugated com- 
pound of these two acids = =; More recently, Dumas, 

Malaguti Si Leblanc {Compt. rend, 25, 781) pronounced it to be identical 
with propionic acid, inasmuch as the two acids have the same crystalline 
form, boiling-point (140°) and odour; are equally soluble in water; and 
exhibit the same phenomena in contact with an aqueous solution of 
phosphoric acid or chloride of calcium; because also their salts emit the 
odour of alkarsin when heated, and their baryta-salts have the same 
crystalline form, with nearly the same angles. Notwithstanding the 
plausibility of this view, according to which, the discovery of propionic 
acid should be due, not to Gottlieb but to Nollner, it must nevertheless 
be remembered that pseudoacetic acid exhibits many characters which in 
the case of propionic acid have certainly not been demonstrated, e. g, the 
separation into acetic and butyric acids; for the present, therefore, it is 
most convenient to keep the two acids separate. — The following are the 
statements of Nollner and Nickles respecting pseudoacetic acid. 

Nollner obtained pseudoacetic acid under the following circumstances: 
When crude tartar containing 20 per cent of fermentable matter, is 
neutralized with lime, the filtered tartrate of potash decomposed by 
boiling with sulphate of lime, and the tartrate of lime, after separation 
from the aqueous solution of sulphate of potash, left to itself, while still 
moist, on hot summer days, it ferments, and is converted, with copious 
evolution of carbonic acid, into a mixture of carbonate and pseudoacetate 
of lime, which, when distilled with sulphuric acid, yields pseudoacetic 
acid. — This acid was likewise produced in the fermentation of a mother- 
liquor of tartar containing a large quantity of tartrate of lime together 
with traces of nitrates. But tartrate of potash, either in the crude or 
the purified state, yields nothing but acetic acid : hence the formation of 
pseudoacetic acid appears to require the presence of lime. 

The acid obtained by distilling the dry lead-salt with oil of vitriol, is 
colourless and smells of acetic acid; but after dilution in water, it 
acquires a pungent odour like that of old cheese. 

All pseudoacetates, when thrown on water in small pieces, rotate 
rapidly upon it like camphor. 

^ The Fotash-salt crystallizes from the concentrated solution in long 
thin tables, and comports itself like acetate of potash. 

Soda-salt Small octohedrons, — or, if the aqueous solution be eva- 
porated beyond the crystallizing point and then cooled, it forms a white, 
tallowy, amorphous mass; and if this be still further evaporated and then 
cooled, a radiated crystalline mass, which is less prone than the octohe- 
drons to absorb water from the air, but is otherwise v’cry easily soluble 
in water. 

Baryta-salt Threads united in tuft-like nodules. 
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Lime-mlt. llcscmbles tlie acetate. 

Magnes>ia~mU. Crystallizes readily from tlic concentrated solution in 
spherical aggregations of crystals. 

Lead-salts. — a. Ferhadc. — A boiling and very dilate solution of h 
mixed with ammonia, deposits on cooling a crystalline powder, which 
under the microscope, appears to consist, half of octohedrons, half of 
silky laminae united in stellate groups. 

6. Basic. — The aqueous solution of the salt c is boiled with pro- 
toxide of lead, filtered, and cooled to the crystallizing point; if the 
solution be dilute, and the temperature a few degrees above 0°, the crys- 
talization is not complete in less than a week; the specific gravity of 
the mother 'liquor is only 1T075. — Largo, transparent, colourless octo- 
hedrons. They remain unaltered in close vessels at ordinary tempera- 
tures, but effloresce in dry air. They melt even below 19° in their water 
of crystallization, which amounts to 42 per cent ; hence the fusion takes 
place even on the hand, the crystals previously becoming turbid. If the 
deliquescence takes place slowly, it begins in the interior and extends 
outwards, nothing being ultimately left but a thin empty shell [consisting 
of salt which has lost its water by efflorescence] which retains the form 
of the crystals. — If the octohedrons be kept in the fused state for a 
while, or if the aqueous solution be brought to a state of higher concen- 
tration than that at which it yields tlie octohedrons, it expands in cooling 
and yields tables, containing less water, and therefore less easy to melt. 
Hence, on the occurrence of a change of temperature, the easily fusible 
salt may burst the vessel, by first melting, and then expanding as it 
solidifies. — A highly concentrated solution of the salt 6, exposed to a 
low temperature for 12 to 24 hours, forms transparent spherical segments, 
which refract light strongly, and when placed on the warm hand, or 
otherwise gently heated, split up from the middle outwards, with a rust- 
ling noise like that of an electric spark, but without any appearance of 
light. The salt likewise dissolves very readily in alcohol, and separates 
out in needles united in stellate groups. 

c. dLeutJxtl. — Crystallizes from the aqueous solution, at low tempe- 
ratures only, in caulifiower-like aggregations, which contain but little 
water, melt, and give off a small quantity of water when heated, and 
deliquesce in very damp air. 

The basic lead-salt h forms, with ferric oxide, a salt consisting of 
dark ruby-coloured needles united in spherical groups. The clear solu- 
tion which it forms in cold water, deposits nearly all the ferric oxide 
when gently heated; but the oxide redissolves when left in the liquid for 
some time at ordinary temperatures. The ferric oxide in the salt amounts 
to only 1 per cent. 

Copper-salt. — a. Basic. — Like verdigris. — h. Ifeutral. — Bark 
green hexagonal tables which easily fall to pieces. 

Mercurous-salt. — Pearly scales which turn red and give off acH 
when exposed to the light. 

Silver-salt. — Contains 61'3 p.c. oxide of silver; blackens quickly 
when exposed to light, and dissolves sparingly in water. 

Bseudoacetie ether resembles acetic ether in odour and in other 
properties. 

Thus far C. Nollner {Ann. Phann. 38 , 299 ). 
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Nicldes cxaiiiincd tlie acid obtained by Nullner and its lead-salt. 

Tlie acid was already decomposed into acetic and butyric acids, for it 
no longer formed the octoliedral salt h with oxide of load; when shaken 
np with clilorido of calcium, it formed a layer of butyric acid, and below 
it a solution of chloride of calcium containing acetic acid; and after 
being neutralized witli carbonate of ammonia, mixed at a boiling heat 
with nitrate of silver, and cooled, it finally yielded crystals of acetate of 
silver; and the m(»ther-liqnor, when subsequently evaporated, yielded 
this salt at first, but afterwards dendrites of butyraio of silver. This 
dccoiiiposccl acid of Nollner’s does not precipitate basic acetate of lead. 
When saturated with carbonate of soda, it gives otf carbonic acid, which 
at a certain time exhibits tlie odour of fermenting wine. 

Nollrier’s lead-salt, distilled with sulphuric acid, yields an acid which, 
when neutralized with baryta-water and evaporated, fir.at yields rliombic 
tables, and then nodules of acetate of baryta. 

But if the soda-salt he prepared [from the lead-salt ?], and decom- 
230scd by phosphoric acid, tbe pure pseudo-acetic acid rises to the top of 
the acid aqueous mixture in the form of an oily layer, and when decanted 
and rectified, exhibits the following properties: 

Oily; boils at 140°; has a very persistent odour like that of perspi- 
ration. 

Heated with oil of vitriol, it gives ofi: sulphurous acid; and when 
heated with potash and arsenious acid, emits the odour of alkarsin. 

With this pure acid, the following salts were prepared: 

The Potash and Soda-salts are very deliquescent. 

JBavyta-salt. — Right rhombic prisms, Laving tbe four lateral edges 
truncated, and bevelled with two y-faces. The crystals smell like i*ancid 
butter, and are permanent in the aii*. Heated to 100° in a current of 
dry air. they lose 3'25 per cent of water; and at 200°, fuse and give off 
2‘S p.c. more (in all, 6 05 p.c. 1 At.); and if afterwards subjected to 
dry distillation, yield a non-acid oil, which is either a peculiar ketone 
[propione], or a mixture of acetone and hutyrone. They dissolve readily 
in water, especially in hot water; very sparingly in absolute alcobol. 



Dried at 200°- 


Nicldcs. 

BaO 

76*6 

.... 54*10 .. 

54*14 

6 C 

36*0 

.... 25*42 .. 

25*62 

5 H 

5*0 

.... 3*53 ., 

3*46 

3 0 

24*0 

.... 16*95 .. 

10*78 


141*6 

.... 100*00 .. 

100*00 

Lime-salt. — Fibres, having a 

silky lustre, 

efflorescing in the air, 

soluble in water. 

Dry. 


Nickles. 


28 

.... 30*11 

30*22 

- 

6 C 

36 

.... 38*71 .. 

38*95 

5 IT 

5 

.... 5*37 .. 

5*80 

3 0 

24 

. .. 25*81 

25 03 

C^HSCaO-i 

93 

.... 100*00 .. 

100*00 

Zinc-salt. — Soluble in water; the solution decomposes when boiled. 

The concentrated 

solution of 

the neutral 

Lead-salt, mixed with 


ammonia, soon deposits small rose-coloured needles of basic butyrate of 
lead. 
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Baryta and Lead-salt — In a tolerably concentrated solation of tlie 
neutral lead-salt^, cbloride of barium produces a precipitate ^vbicb at first 
disappears on agitation; as soon as it remains permanent on further addi- 
tion of cbloride of barium, the liquid is filtered, and left to evaporate 
spontaneously. At first cliloride of lead crystallizes out, but afterwards 
transparent, colourless square prisms of the double salt. Tlio crystals 
give off 2 ‘59 p.c. water at 100^ They contain baryta and lead-oxide in 
equal numbers of atoms, and when ignited, leave the lead, partly in the 
form of oxide, partly as cbloride. They dissolve readily in water. If 
particles of tbe salt happen to remain on the surface of the water, they 
exhibit the rotatory movements of the salts of butyric acid. 

Copper-salt. — Oblique prisms. They give ofi’ water at 100% and 
at 150° an additional quantity, together with a portion of the acid; if 
they be then suddenly heated to redness, they give off combustible gases, 
together with carbonic acid, a mixture of pseudo-acetic acid and an oil 
[propione ?] insoluble in water, and leave copper mixed with charcoal. — 
The crystals rotate upon water, and dissolve in it in very small quantity 
only, unless acetic acid be added; but they are very soluble in alcohol. 

JSilver-salt. — Dendrites, wdiicli change very quickly when exposed 
to light. 


Pried in vactw oi^er oil of vitriol. 

Nicklcs. 

Ago 

116 . 

... 64*09 ... 


6 C 

36 . 

... 19*89 ... 

19*16 

5 H 

5 . 

... 2*76 ... 

3-35 

3 0 

24 . 

... 13-26 ... 

13*44 

C'HSAgO^ 

181 . 

... 100*00 ... 

100*00 


The acid dissolves in Alcohol and in Ether, 

Fseudo-acetic ether has a fruity odour (Jer. Nickl^s, Rev, scientif,; 
abstr. Ann, JBharm, 61, 343 j abstr. Gompt rend, 23, 419). 


B. Secondary Series. 
a. Oxygen-nuclei, 
a. Oxygen-nucleus. C®H^O^. 

Pyruvic Acid. 

Berzelius. Fogg. 36, 1. 

Yolckel. Ann. Fharm, 89, 57; abstr. Fharm, centr, 1854, 289; 
Jahresler, 1853, 424. 

Pyroracemic acid, Brenztrauhensaure, Pyrotraubemdure, 

Formation, By the dry distillation of racemic and tartaric acid. 

Preparation. 1. Eflioresced racemic acid is gradually heated to 220° 
in a tubulated glass retort placed on the sand-bath, and maintained at 
that temperature as long as anything passes over, the frothing over of 

VOL. IX. 2 E 
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tlie mass being prevented, wlien necessary, by stirring it with a platinum 
•wire introduced throngb the tiibulure. The resulting yellow distillate is 
rectified in the oil-bath, a process which goes on but slowly, and leaves a 
brown syrup containing pyro tartaric acid. The pale yellow rcctificato 
contains pyruvic and acetic acid, a small quantity of enipyreuinatic^ oil, 
and a trace of wood-spirit or something similar. It cannot he obtained 
colourless by repeated distillation, because, at cacb repetition of the 
process, a certain amount of dccomiiosition takes place, carbonic acid 
being evolved, and a brown extract remaining. — Hence the roctillcato 
must either be evaporated in vacuo over oil of vitriol to tbe consistence 
of a thick syrup, wherohy the acid is freed from the volatile acetic acid 
and* the greater portion of the water; — or saturated with recently 
precipitated and washed carbonate of lead; and the granular lead-salt 
washed, suspended in water, decomposed by sulphuretted hydrogen, and 
the filtrate evaporated in vacuo as above (Berzelius). The watery liquid 
filtered from the lead-salt still contains pyruvic acid, because this acid cannot be com- 
pletely saturated -with carbonate of lead at oulinary temperatures ; the portion thus 
retained is still available (Berzelius). — 2. Tartaric acid heated over an open 

fire, yields a distillate consisting chiefly of pyruvic and acetic acids, 
together with aldehyde, acetone, and other substances. If the heat be 
strong and suddenly applied, the tartaric acid is resolved into acetic acid, carbonic acid, 
and carbonic oxide : 

esH-JO^o ^ ^ 2C02 + 2CO5 

but if the heat he moderate and slowly raised, the acid is resolved into pyruvic and 
carbonic acid: 

C8H4O10 + 2C02; 

these two modes of decomposition may go on together. — On rectifying tbe dis- 
tillate, the portion which passes over between 105^ and 120°, consists 
chiefly of acetic acid; that between 130° and 180°, of pyruvic acid; and 
that between 180° and 190°, of pyruvic and pyrotartaric acid. To obtain 
the pyruvic acid in a state of purity, the portion which distils over 
between 140° and 180°, is collected apart, and subjected to repeated 
fractional distillation, till a liquid is obtained whoso boiling point is 
confined between the limits of 165° and 170°. This liquid, which still 
contains a certain quantity of water arising from the decomposition of a 
small portion of pyruvic acid by the boiling, is separated therefrom by 
leaving it for some days in vacuo over strong sulphuric acid and solid 
caustic potash, till about a fourth part of the acid is evaporated, and the 
admixed water with it ( Vblckel). Tartaiic acid distilled in contact with pumice- 
stone is also almost wholly n’solved into carbonic and pyruvic acids ; but the pyruvic acid 
is then also converted into the syrupy modification {vid, inf.') and afterwards decom- 
posed, A similar result is obtained by distilling a neutral tartrate ^er se (Voickel). ^ 

Ffoperties. (1). Colourless or pale yellow, viscid syrup, which draws 
out into threads. May, for the most, be evaporated without decomposi- 
tion. Inodorous at ordinaiy temperatures; but when heated, it has a 
pungent acid odour, somewhat like that of hydrochloric acid; tastes 
sharp and acid, leaving a somewhat bitter after-taste in tbe throat 
(Berzelius). ■ — * The acid prepared by (2) is a faintly yellowish liquid 
of sp. gr. 1*288 at 18°; boils at 165°; has a not very powerful odour, 
like that of acetic acid, and a burning taste. In the concentrated state, 
it volatilizes completely without decomposition when gently heated or 
left in vacuo; but wdien diluted with water, it becomes altered after a 
while, so that it afterwards leaves an acid syrup when evaporated. 
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6 C 

36 . 

40-91 ... 

Volckel. 
40-79 

4 H 

4 . 

... 4‘55 ... 

4-73 

6 0 

48 . 

... 54-54 ... 

54-48 

cwoso* 

88 

... 100-00 ... 

100-00 


The hypothetical anhydrous acid would be *= = j:? U. 

Decompositions. Tlie aqueons acid undergoes partial decomposition 
when distilled, even at the temperature of the water-bath (Berzelius, 
md. sup). 1" The syrupy acid heated above 200°, gives off carbonic 
acid and yields a distillate of pyrotartaric acid the residue 

becoming more and more yellow (Vblckel). — Pyruvic acid dissolves in 
sulphuric acid, with slight colouring and rise of temperature, and the 
solution, when heated, gives off carbonic and sulphurous acids. Pyruvic 
acid is not decomposed by hydrochloric acid. In cold strong nitric acid, 
it dissolves without perceptible decomposition; but on heating the liquid, 
a violent action takes place, attended with formation of oxalic acid; the 
same result is obtained on boiling the acid with nitric acid of ordinary 
strength (Yockel), T — Terchloride of gold and its compounds with 
other metallic chlorides, arc not reduced by pyruvic acid in the cold, but 
completely when heated; the liquid which surmounts the shining metallic 
gold is itself free from gold, but has nevertheless a yellow colour. Mono- 
chloride and bichloride of platinum, on the contrary, are not reduced by 
the aqueous acid, even at a boiling heat (Berzelius). 

Combinations. The acid mixes in all proportions with Water. 

Pyruvic acid is stronger than acetic acid, exj^els the latter from its 
salts on evaporation, and precipitates from solutions of acetates, tlioso 
bases with which it forms sparingly soluble salts. The Pprnvates are 
prepared by saturating the dilute acid with the base; if the acid is con- 
centrated, partial decomposition takes place, attended with yellow or 
brown colouring. The salts in the anhydrous state are translucent, 
gummy substances; with water they are capable of forming crystals, pro- 
vided the base has been dissolved in the acid without application of heat, 
and the solution evaporated at ordinary temperatures [provided also, 
according to Volckel, they have been prepared with the volatile mod idea- 
tion of the acid]. The concentrated aqueous solution of these crystal - 
lizable salts may be boiled without alteration; but on boiling a dilute 
solution, the salt passes into the amorphous state, and afterwards remains 
as a gummy residue when the liquid is evaporated. The salts thus 
rendered amorphous cannot be brought back to the ciystalline state 
(Berzelius). [According to Volckel, the acid separated fi*om the salts is 
always in the syrupy modification (1), and if again united with bases 
yields only amorphous salts]. — The salts redden litmus, but do not taste 
sour. They assume a lemon-yellow colour at 100° to 120°, and orange- 
yellow at a higher temperature. In the dry state, they evolve little or 
no heat when mixed with oil of vitriol; on subsequent application of 
heat, they emit the odour of the acid, and above 100° give off a small 
quantity of the nnaltered acid; but even at a temperature considerably 
below 100°, the greater part of the pyruvic acid is decomposed, the mass 
assumes a black-brown colour, and if then distilled in the sand-bath, 
yields a mixture of pyruvic and acetic acids. The aqueous solutions of 
the pyruvates are coloured deep red by a small quantity of ferrous 
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sulpKate, and if somewliat concentrated, form a wliite precipitate in a 
fewliours with cupric sulphate. Those pyruvates which are insoluble in 
water, dissolve for the most part in aqueous caustic alkalis, and partially 
also in alkaline carbonates. They dissolve springly in alcohol, the 
quantity dissolved being less as the alcohol is more anhydrous, and 
are insoluble in ether (Berzelius). 

Pyruvate of Ammonia. — The aqueous mixture of the acid and base 
leaves by spontaneous evaporation, a yellow deliquescent mass, having an 
extremely bitter taste, and nearly insoluble in absolute alcohol. 

Pyruvate of Potash. — The aqueous mixture evaporated in vacuo, 
leaves small crystalline scales which deliquesce in the air; but if boiled 
before evaporation, it leaves a fissured gummy residue, which becomes 
moist on exposure to the air. 

Pymvate of Soda. — a. Neutral. Qrystalline. — Separates by cold 
evaporation, in large, flat, rectangular prisms, if the solution contains 
acetate of soda, but from a pure solution, in rectangular tables and long 
laminae. The powder of the crystals feels like talc. The crystals are 
anhydrous and contain 28*25 per cent of soda. Their highly saturated, 
boiling solution solidifies on cooling, in a crystalline mass, from which the 
mother-liquor runs away. They dissolve very sparingly in boiling 
absolute alcohol, and do not separate out on cooling; in hydrated alcohol 
they dissolve more readily; nevertheless, the greater part of the salt is 
precipitated from its aqueous solution saturated in the cold, by alcohol of 
sp. gr. 0*838, whilst any acetate of soda that may be mixed with it 
remains in solution. — JB. Amorphous. — The very dilute aqueous solu- 
tion of a, heated to the boiling-point, leaves, when evaporated over oil of 
vitriol, a transparent colourless gum, and when evaporated by heat, a 
yellow gum, a few crystals of a also forming when the solution is exposed 
to the air. 

h. Acid. — The crystals of the neutral salt triturated with the com 
centrated acid, form a translucent jelly, which dries up to a swollen 
mass; if from this mass the free acid be removed by alcohol, there remains 
a white, tumefied powder, which has a bitter and somewhat acid taste, 
reddens litmus strongly; and when dissolved and evaporated, leaves a 
white fissured mass. 

Pyruvate of Lithia. — a. Orystalline. Crystalline grains, which are 
somewhat difficult of solution in water, and do not become amorphous 
when separated from a concentrated solution by boiling and hot evapora- 
tion. — Amorphous. A very dilute solution of a evaporated in the 
water-bath, leaves a hard colourless gum, more soluble in water than a. 

Pyruvate of Baryta. — a. Orystalline. — Obtained by spontaneous 
evaporation of a solution of carbonate of baryta in the somewhat dilute 
acid. Large, broad, shining scales, which are permanent in the air, give 
off their 5*45 p.c. (1 At.) water of crystallization at 100°, and dissolve 
with tolerable facility in water. The precipitate formed by an alkaline 
carbonate does not dissolve in excess of the reagent. — /3. Amorphous. 

The aqueous solution of a, if only gently heated, yields on evapora- 
tion a gummy residue, which, when dried in the air, contains 10*38 p.c. 
(2 At.) of water, and dissolves but slowly in water even at the boiling 
heat. 
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Pymvate of Strontia. — a. Crystalline. — Prepared like tlio baryta- 
salt. Forms a mass consisting of fine, glimmering scales, wliicli, when 
suspended in water, impart to that liquid their glimmering aspect. The 
scales contain 12 p.c. (2 At.) water; they are less soluble in water than 
the baryta-salt; from a solution saturated at a boiling heat, they separate 
out again on cooling. With alkaline carbonates, they behave like the 
baryta-salt. — ft. Amorphous. — Colourless, translucent gum, which, when 
gently heated, gives off all its water, and becomes milk-white and 
fissured. 

Fyrmate of Lime. — a. Crystalline. — Prepared like the baryta-salt. 
Crystalline grains. Behaves with alkaline carbonates like the baryta- 
salt. — ft. Am,or2Aious. The slightest heating of the aqueous solution, 
even by the hand, causes it to yield by spontaneous evaporation, a gum 
instead of crystalline grains. 

Pyruvate of Magnesia. — Difficult to o])tain in granular crystals, 
because it very easily passes into the gummy condition. With alkaline 
carbonates, it behaves like the baryta-salt. 

Pyruvate of Yttria. — a. Crystalline. — A mixture of the concen- 
trated solutions of pyruvate of soda and chloride of yttrium deposits in 
a few hours, white grains, which dissolve slowly in water. — ft. Amorphoits. 
— The aqueous acid saturated with recently pi’ccipitated hydrate of 
yttria, dries up into a clear, hard, saccharine gum; and this, when mixed 
■Nvith water, yields white fiakes and forms a liquid which on evaporation 
again leaves a gummy residue. The precipitate formed by caustic alkalis 
or alkaline carbonates dissolves in excess. 

Pyruvate of Glucina. — On treating the aqueous acid with excess of 
hydrate of glucina, an undissolved basic and a soluble neutral salt are 
produced; the latter remains, on evaporating the solution, in the form of 
a transparent, fissured, sweet-tasting gum, which is not precipitated by 
caustic alkalis or by alkaline carbonates. 

Pyruvate of Alumina. — An excess of hydrate of alumina forms with 
the aqueous acid, in like manner, a gelatinous basic salt, and a solution of 
a neutral salt, which dries up to a permanently soft mass, and is not 
precipitated by caustic alkalis or alkaline carbonates. 

Pyruvates of Ziconia and Thorina. — Soluble in water; not precipi- 
tated by ammonia. 

Uranic Pyruvate. — Of a fine yellow colour ; readily soluble in 
water. 

Manganous Pyruvate. — a. Crystalline. — By spontaneous evapora- 
tion. Milk-white mass composed of fine scales, resembling the strontia- 
salt, even in the appearance which it presents when stirred up with water. 
Slowly soluble in cold, more readily in hot water. — ft. Amorphous. — By 
evaporating the solution with the aid of heat. Gummy; easily soluble in 
water. If it has turned brown during the evaporation, which often 
happens, the coloured portion remains for the most part undissolved. 

Pyruvate of Bismuth. — The elutriated and ignited oxide dissolves 
slowly ill the aqueous acid. The solution yields by evaporation a viscid 
syrup, which tastes like other bismuth-salts, does not become turbid by 
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solution in water^ and is not precipitated by caustic alkalis^ alkaline 
carbonates; or sulphuretted hydrogen. 

Pyruvate of Zinc, — a. Crystalline. — YVhen carbonate of zinc is dis- 
solved in the very dilute acid, the solution; as it becomes saturated, 
deposits a snow-white granular powder of a. When caibonate of zinc is dis- 
solved in a stronger solution of the acid, heat is evolved, and the liquid assumes a yellow 
colour. The liquid decanted from the granular powder deposits by spon- 
taneous evaporation a gummy acid salt; which is decomposed by water; 
with deposition of a large quantity of the pulverulent salt a. The powder 
a undergoes no alteration at lOO®, but at a higher temperature, turns 
first yellow, then brownish yellow, and then gives off its water of crystal- 
lization, amounting to 18*37 p.c. (3 At.)* The powder is sparingly 
soluble in water. 100 pts. of it yield 54*3 pts. of sulphate of zinc. — 
jB. A^norphoiis. — A solution of zinc in tolerably warm dilute pyruvic 
acid leaves, when evaporated over the w’ater-bath, a clear yellowish 
gnm, easily soluble in water. — When zinc is dissolved in the cold dilute 
acid, a viscid mixture of a and /3 is produced, which, by evaporation 
over the water-bath, is wholly converted into /S, 

Pyruvate of Lead. — a. Terhasic. — 2 Pb 05 C^H^Pb 0 ® -f Aq. — Ob- 
tained by treating the neutral salt I with dilute ammonia, washing the 
separated salt with water, in which it is slightly soluble, and drying it 
over oil of vitriol, so that it may not absorb carbouic acid. 

5. Monobasic. — a. Crystalline. — Carbonate of lead recently preci- 
pitated and still moist, is gradually added to the aqueous acid, not quite 
to saturation j the liquid left to stand for 24 hours above the precipitated 
salt, and frequently stirred to decompose any carbonate of lead that may 
still remain; and the heavy granular powder washed and dried. — Or the 
pyruvic acid is added to a concentrated aqueous solution of neutral 
acetate of lead, which remains clear at first, but after a few hours, thickens 
to a mass of the consistence of gruel, from which the salt a is deposited as 
a granular powder; it must then be washed and dried without heat. — 
The salt dried in the cold forms a fine mealy powder. At 100°, it 
assumes a light yellow colour, without loss of weight; at 110°, it becomes 
lemon-yellow, with slight loss; and at 120°, brown-yellow, with loss of 
all its water of crystallization. It dissolves sparingly in water, and 
separates therefrom as a white crust by evaporation at ordinary tempera- 
tures, but as a lemon-yellow crust, by evaporation at temperatures above 
50°. — The lemon-yellow salt decomposed by carbonate of soda yields 
lemon-yellow carbonate of lead, and a yellow solution of pyruvate of 
soda, which for the most part assumes the amorphous state. 


Calculation, according to Berzelius. 

Berzelius. 
dried at 100°. 

PbO 

112 . 

... 56*00 . 

55*78 

C®H305 

79 . 

... 39*50 


HO 

9 . 

... 4*50 . 

4*48 

CWPbO« + Aq ... 

.. 200 . 

... 100*00 


®|[ Calculation, according to Yolckel. 

Vdlckel. 
dried at 100°. 

PbO 

112 . 

... 58*55 . 

58*63 

6C 

.. 36 . 

... 18*89 . 

18-72 

3 H 

3 . 

... 1*57 . 

1*71 

5 0 

.. 40 . 

... 20*99 , 

20-95 

C«ffPb03 

. 191 

... 100*00 . 

100*00 ^ 
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c. Acid salt, — A solution of carbonate of lead in a slight excess of 
pyruyio acid, dries up hy spontaneous eyaporation to a fissured gum, 
wliicb. reddens litmus, and is decomposed by water with separation of the 
neutral salt h, 

Fer7Viis Pyrumte. — a. Orystallhie, — If a crystal of ferrous sulphate 
be immersed in cold water which is nearly saturated with crystalline 
pyruyate of soda, and the liquid coyered with a layer of oil to keep out 
the air, it immediately assumes a dark red colour, and deposits after 24 
hours, a large number of light red granules of ferrous pyruyate. The 
mother-liquor, which has a much deeper red colour than the granules 
[perhaps because it contains amorphous salt], is decanted; the crystalline 
granules washed with a small quantity of cold water; the liquid pressed 
out; and the granules dried oyer oil of vitriol. The salt is of a beautiful 
flesh colour; tastes like other ferrous salts ; is permanent in the air when 
dry; dissolves sparingly in water, forming a yellowish solution; and is 
precipitated with greyish blue colour by ammonia. 

/3. Amo^^pJious, — Iron is dissolved in warm dilute pyruvic acid 
coyered with a layer of oil, the solution taking place slowly, till no more 
hydrogen gas is evolved ; and the thick, opaque, dark red liquid evapo- 
rated by heat, whereby a nearly black, soft mass is obtained, which 
hardens in cooling and dissolves with deep rod colour in water and in 
alcohol. The solution, when evaporated in the air, assumes a lighter 
colour, and deposits basic ferric pyruvate, a neutral salt remaining in 
solution. 

Fm'ic Pyrumte, — a. Basic, — Precipitated from the aqueous solution 
of the ferrous salt on exposure to the air. Resembles hydrated ferric 
oxide, but dissolves with dark red colour in ammonia. 

6. Pfeutral, — The acid saturated with recently precipitated hydrated 
ferric oxide, leaves, on evaporation, a red mass which dissolves in water 
and alcohol with the colour of other ferric salts. The solution is not 
precipitated by ammonia, or by caustic potash and soda or their car- 
bonates. If the mixture of the solution with ammonia be left to evaporate 
spontaneously, all the ammonia is given ofi*, and the remaining viscid 
syrup forms a clear solution in water. — If, however, the neutral ferric 
salt has been obtained by evaporating the solution of the amorphous 
ferrous salt in contact with the air, it forms with caustic potash and 
carbonate of potash, a brown precipitate somewhat soluble in excess of 
the reagent. 

Pyruvate of Cobalt, -—a. Crystalline, — When fragments of carbonate 
of cobalt are gradually introduced into the aqueous acid, the salt a is 
precipitated, in proportion as the red solution becomes saturated, in the 
form of a rose-coloured, granular powder, which dissolves very slowly in 
cold water, even when it is mixed with pyruvic acid. — /3. Amorphous. 
— When the salt a is dissolved in warm water, or carbonate of cobalt 
in the boiling acid, the pale red solution yields, on evaporation, a fissured, 
rose-coloured gum, which does not dissolve in caustic potash or ia car- 
bonate of potash. 

Pymvate of Michel, — Behaves just like the cobalt-salt in the states 
a and /3, excepting that it is of an apple-green colour, and dissolves in 
water still more slowly. 
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Pyruvate of Gopher. * — a, Neutral. — < a. Crystallhie. — 1. The 
aqueous acid dissolves carhonato of copper with brisk effervescence, and 
as the saturation proceeds, deposits the salt a, a as a sea-green powder, 
while the salt 6 remains in solution. — 2. When a tolerably large 
crystal of sulphate of copper is immersed in aqueous pyruvate of soda, 
the solution gradually thickens from formation of a fine white precipitate of 
the same salt. The salt is washed with cold water and dried at ordinary 
temperatures. After drying in the air, it is almost pure white; when 
more completely dried over oil of vitriol, it turns bluish, and finally, after 
the loss of all the hygroscopic water, light blue. It then still retains 
1 At. water. It dissolves very sparingly in cold water, forming a very 
pale green solution, which, when evaporated at ordinary temperatures, 
leaves the salt in the form of a white powder. In boiling water, it 
dissolves somewhat more abundantly, with a more decided green colour. 


Dried over oil of vitriol. 

Berzelius, 

CiiO 

... 40 .... 31*25 .. 

30*81 

CSH30* 

... 79 .... 61*72 


HO 

.. 9 .... 7*03 


C«H3CuO® + Aq 

... 128 .... 100*00 



/3. Amorphous. — The solution of a in hot water, leaves when evapo- 
rated over the water-bath, a clear, green, fissured gum which dissolves in 
water with tolerable facility. Its solution in caustic ammonia or car- 
bonate of ammonia evaporated in the open air, leaves a dark green fissured 
mass; the solution in potash-ley is dark blue, becomes turbid and assumes 
a green colour when diluted, and deposits a black-brown oxide when 
boiled. 

b. Acid salt. — The above-mentioned mother-liquor, from which the 
crystalline neutral salt prepared by (1) has been deposited. It dries up 
to a transparent green gum, which is decomposed by watei\ 

Mercurous Fymmte. — The 'aqueous solution of the crystalline soda- 
salt forms a white magma with mercurous nitrate. This salt dissolves in 
boiling water, the undissolved portion turning grey — and separates on 
cooling in the amorphous state. — If the amorphous soda-salt be used, 
the same precipitate is obtained, but it then decomposes still more readily, 
the decomposition taking place after a while, even in the cold. 

Mercuric Pyruvate — a, Basic. — Separates on treating the salt h 
with water. White, tumefied, insoluble in water. — 5. Neutral, — 
3. When the dilute acid is saturated with finely pulverized mercuric 
oxide, filtered after some hours, and the colourless filtrate, which tastes 
like corrosive sublimate, left to evaporate, the neutral salt separates out 
in the form of a white crust, while the salt c remains in the mother- 
liquid. — 2. An aqueous solution of equal numbers of atoms of corrosive 
sublimate and pyruvate of soda, likewise deposits a white crust by spon- 
taneous evaporation. The salt h is decomposed by water, which leaves 
the basic salt nndissolved. — c. Acid salt. — The mother-liquor of the 
salt h prepared by (1) dries up to a transparent gum, which is decom- 
posed by ^ water into the basic salt a and a solution of a hyperacid salt. 
This solution forms with ammonia a precipitate which does not redissolve 
in a larger quantity of ammonia; but tbe precipitate produced by alkaline 
carbonates dissolves in excess of the reagent, forming a liquid from which 
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a grey mercurous salt separates; tMs liq^uid also yields a wliite mercurous 
salt by spontaneous evaporation. 

JByrmate of Siher. — a. Crystalline, The cold dilute acid is 
saturated with excess of recently precipitated oxide of silver (not with 
carbonate, which forms a greyish yellow salt, with reduction of a large 
quantity of silver) . The liquid, which thickens by separation ofjaminoo, 
is diluted with boiling water till the laminin dissolve; filtered boiling; 
and the filtrate left to cool slowly in a dark place till it crystallizes. — 
2. A mixture of the aqueous sodarsalt with nitrate of silver forms after a 
while the same crystals, which must be pressed after pouring off the 
liquid, dissolved in boiling water, left to crystallize therefrom, and dried 
in the dark over oil of vitriol. — Large, shining, milk-white scales, 
resembling boracic acid, greasy to the touch, and turning brown by 
exposure to the sun. The crystals are free from water of crystallization, 
and after drying at ordinary temperatures, suffer no loss of weight when 
left over oil of vitriol at 100°. By dry distillation, they yield pyruvic 
acid, smelling strongly of acetic acid, and a grey metallic-looking residue 
of carbide of silver (VI, 146). The salt when heated in the air, takes 
fire at the hottest point, and continues to glow spontaneously, till 
nothing is left but 55*26 per cent of silver, in the form of scales. The 
salt dissolves very sparingly in cold water; its solution in hot water 
deposits by warm evaporation a brown powder, but remains colourless, 
and on cooling yields more crystals of the pure salt; but if heated for a 
longer time, it turns yellow and yields, on cooling, yellow crystals of an 
altered salt. The yellow solution heated to the boiling point gives off 
carbonic acid, and deposits carbide of silver as a grey metallic powder. 
The salt dissolves in aqueous ammonia, and when treated with carbonate 
of potash, yields carbonate of silver insoluble in excess. 

J3. Amorphous. — The amorphous soda-salt forms with nitrate of 
silver a white flocculeut precipitate which dissolves in hot water some- 
what more readily than in cold, and is deposited in the amorphous state 
on cooling. The solution, when heated, assumes a lighter colour than that 
of the salt a, and deposits carbide of silver. 


Crystals 

a. 


Berzelius. 

6 C 

36 . 

... 18-46 .. 

18*36 

3H 

3 

... 1*54 .. 

1*83 

Ag 

108 . 

... 55*38 .. 

55*26 

6 0 

48 . 

... 24*62 .. 

24*55 

C6H3Ag02,0'^ 

195 . 

.. 100-00 ., 

100*00 


Pyruvic acid mixes in all proportions with Alcohol and Ether (Ber- 
zelius). 


/3. Oxygen-mmleus. 

Mesoxalic Acid. 

Liebig k Wohler (1888). Ann, Pharm. 26, 21^8. 

SvANBERG. Berzelius, Jahresber, 27, 165. 

Produced by boiling alloxan or alloxan ic acid with the stronger bases 
and water. 
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Mesoxalate of baryfca is decomposed witli an equivalent quantity of 
dilute sulphuric acid; or the lead-salt suspended in water is decomposed 
by sulphuretted hydrogen, the liquid filtered, and the filtrate evaporated 
to the crystallizing point (Liebig & Wblilor). 

The acid is crystallizable and very sour (Liebig & Wohler). 

Calculation. 


6C 

36 

30'51 

2 H 

2 

1*69 

10 O 

80 

67*80 

C»HW,0'! 

118 

100-00 


Dissolves readily in water. 

Mesoxalate of Baryta. — When a hot-saturated solution of alloxanato 
of baryta is boiled, a mixture of alloxanate, mesoxalate and carbonate of 
baryta is precipitated; and the filtrate, when further evaporated, yields 
pure mesoxalate of baryta in yellow laminm, which must be washed with 
alcohol to free them from adhering urea. The acid precipitates baryta, 
strontia, and lime salts, only on addition of ammonia (Liebig & Wohler). 
— At 90®, the salt is anhydrous =BaO,CW, [=C®Ba® 0 ‘^ 50 ®]; it begins to 
decompose at 100°, but a higher temperature is required to decompose 
it completely (Svanberg). 


2 BaO 

Crystallized. 
153-2 .. 

.. 56-49 

Liebig & Wohler. 
55-93 

6 C 

36-0 .. 

.. 13-27 


2 H 

2*0 .. 

.. 0-74 


10 0 

80*0 .. 

29*50 



CWOi0 4-2Aq 271*2 .... 100*00 

Mesoxalate of Lime. — Thin tables, which, after drying at 90 \ 
=C®Ca^O^° + 4Aq.; give off 2 Aq. more at 140°; decompose and bake 
into lumps above 1 40°. Much more soluble in water than the baryta 
salt (Svanberg). 

Mesoxalate of Lead. — a. Basic. — When a solution of „ alloxanic 
acid or alloxan is dropt into a boiling solution of neutral acetate of lead, 
a white bulky precipitate is formed, which on boiling aggregates into a 
fine, heavy, crystalline powder. — The decomposition induced by heating 
the salt at a particular point, spreads from thence through the entire 
mass, and after gentle ignition in contact with the air, pure protoxide of 
lead remains behind. A small quantity of ammonia is evolved in the 
decomposition, because the lead-salt, at the moment of its formation, 
carries down with it a trace of nitrogenous matter, probably cyanate of 
lead, the quantity being greater as the liquid has been less boiled. 
Hot nitric acid converts the salt into oxalate of lead (Liebig & Wohler). 


4 PbO 

.... 448 

... 81-75 

Liebig & Wohler. 
80-78 

6 C 

36 

... 6-57 

6-89 

8 0 

64 . 

... 11-68 

12-14 

H 



... 

0-19 

2PbO + CWO“ 

548 . 

.. 100-00 

100 00 


h. Feutral. — Mesoxalic acid forms with neutral acetate of lead a 
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precipitate, in wliicli half the lead-oxide is replaced by water (Liebig 
& Wohler). [Probably therefore C''’Pb-0^o + 2 Aq.]. 

Mesoxalate of Silver. — Mesoxalic acid forms with nitrate of silver, 
on addition of ammonia, a yellow precipitate, which, when gently 
heated, is completely resolved, with violent effervescence, into carbonic 
acid and metallic silver ; hence its composition must be analogous to that 
of the first mentioned lead-salt (Liebig & Wohler): 

CGAg^Qi^ = 6C02 + 4Ag. 


Iodine-nucleus. C®H®L 

IT lodopropylene. c^h^l 

Bebthelot and De Luca. Gow^pt rend. 39, 745. 

Formation j p. 395. 

Freparation. Biniodide of phosphorus is prepared by Corenwinder’s 
method, viz. by dissolving 25 grm. phosphorus and 200 grin, iodine in 
bisulphide of carbon, and evaporating the solvent in a current of dry 
carbonic acid, 100 grm. of this iodide (PP), arc then mixed in a tubu- 
lated retort with 50 grm. of syrupy glycerine (commercial glycerine 
purified and evaporated till it boils at 160"^); and the action aided at the 
commencement by a gentle heat: about SO grm. of ioduretted propylene 
then condense in the receiver, which must be kept cool. The product is 
purified by distillation, the portion which passes over at 101° being col- 
lected apart. 

Froperties. Liquid, of sp. gr. 1*789 at 160°. Colourless when first 
prepared, but rapidly becomes coloured by the action of air and light; 
after this change, it gives off very irritating vapours. The odour of the 
recently prepared compound is ethereal when first inhaled, then 
alliaceous. 

Calculation. 


6 C 

36 .... 

21-56 

5H 

5 .... 

2*99 

I 

126 .... 

75-45 

cm^i 

167 ... 

100*00 


Isomeric with iodide of mesityl (p. 26). 

Decompositions, 1. By the action of zinc or mercury with hydro- 
chloric or dilute sulphuric acid, iodopropylene is converted into propylene 
(vid. p. 396). — 2. Strong sulphuric acid has no action upon it in the 
cold, but carbonizes it at high temperatures, evolving a small quantity of 
propylene. — 3. Fuming nitric acid decomposes it instantly, with precipita- 
tion of iodine. — 4. Aqueous ammonia acting for 40 hours on iodo-propy- 
lene at a temperature of 1 00°, decomposes it completely, with formation 
of a volatile alkali, which appears to be propylamine [?], (Berthelot 
De Luca). 

Comhmations. lodopropylene is insoluble in water, but dissolves in 
alcohol and in ether (Berthelot & De Luca). IT 
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h. Bromine-nuclei, 
a. Bromine-nucleus, C®Br^H^ 

Bromopropionic Acid. C®Br2H4^04^ 

Cahoues. (1847). N'* Ann, Oliim, Fhys, 19^ 502; also J, pr, Chem, 
41, 75. 

Bromometacetonic acid, Brommetacetsdure, Acide hromitonique. 

Bromine is gradually added in excess to a concentrated aqueous solu- 
tion of itaconate on citraconate of potash containing an excess of potash; 
the oil which sinks down, with abundant evolution of carbonic acid, 
treated with aqueous potash, wdiich takes up the bromopropionic acidand 
leaves a small quantity of a neutral oil {vid, inf .) ; the acid precipitated 
from the potash-solution by the addition of a stronger acid; and the 
white, crystalline flakes washed with the smallest possible quantity of 
cold water, pressed between paper, dried in vacuo, dissolved in ether, 
and the ethereal solution left to evaporate till it crystallizes. 

Long snow-white, silky needles, which, when carefully heated, 
volatilize almost completely without decomposition. 


6 C 


36 . 

.. 15-52 .., 

Cahours, 
..... 15-66 

4 H 


4 . 

.. 1-72 ... 

1-98 

2 Br 


. 160 . 

.. 68-97 ... 

68-61 

4 0 


. 32 . 

.. 13-79 ... 

13-75 

... 


232 . 

.. 100-00 ... 

100-00 


With oil of vitriol, this acid behaves in the same manner as bromo- 
biityric acid, C^BrH^O^. 

It dissolves with tolerable facility in Water, especially at the boiliug 
heat; and crystallizes out as the liquid cools. 

It dissolves in all proportions m Alcohol and Ether (Cahours), 


p. Bromine-nucleus, C®Br^H^ 
Terbromopropylic Aldide, c®Br®H®,0l 
Cahoues. (1847). N. Ann, (Mm, Phys, 19, 504; also J, pr, Chem, 41, 76, 

IMbromswcaldid [iVm.wm] . 

Bromine is gradually added to a concentrated aqueous solution of 
neutral itaconate or citraconate of potash, till no more carbonic acid is given 
off; and the precipitated oil freed from adhering bromobutyric acid by 
agitation with dilute potash, then washed with water, and dried in vacuo. 
iSe product is but small. 

Amber-coloured, tolerably fluid oil, heavier than water, and having an 
agreeable aromatic taste. 
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6 C 

36 .. 

.. 12*21 .. 

Cahours. 
11-64 

3 H 

3 .. 

.. 1*02 .. 

..... 1*15 

3 Br 

240 .. 

81*35 .. 

83*23 

2 0 

16 .. 

... 5*42 .. 

3*98 

C6Br3H302 

295 . 

... 100-00 .. 

100*00 


May be regarded as acetone in wHch 3H are replaced by 3Br, 

Tlie oil is partially decomposed by beat, giving off hydrobromic acid, 
and leaving charcoal. 

It is perfectly insoluble in water and in aqueous alkalis. 

It mixes in all proportions with alcohol and ether (Cahours). 

If the itaconate or citraconate of potash contains excess of potash, this process 
yields another heavy oil richer in carbon (Cahours) . 


c. Chlorine^nucleus. C®C]^H^ 

Chlorosuccic Acid. C«CPH’,0*. 

Malagtjti. (1846). iV. Ann. CMiti. Phys. 16, 67, 72 and 82. 

Acide chlorosucciquQ (Malaguti) ; Acide metae^tique dichlor€ (Gerhardt). 

Formation, From a solution of perchlorosuccinic ether in warm 
alcohol, water throws down an oily mixture of perchlorocarhonic ether, 
terchloracetic ether, and chlorosuccic ether. — 2. Perchlorosuccinic ether 
decomposed by aqueous potash yields chlorosuccate of potash, in addition 
to chloride of potassium, carbonate of potasb, and formiate of potash. — 
Vid. Perchlorosuccinic ether, 

Freparation. Perchlorosuccinic ether is dissolved in hot alcohol; a 
few pieces of hydrate of potash added to the precipitated oily mixture of 
the three ethers, whereupon the alcohol volatilizes and tbe mass becomes 
heated to the boiling point; and the mass stirred, with addition of water, 
to prevent the heat from rising high enough to blacken it. The mass is 
then dissolved in water; the solution supersaturated with hydrochloric 
acid, and partially evaporated; the chlorosuccic acid, which falls down as 
a yellow oil, dissolved in water and again evaporated, whereby it is again 
thrown down in tbe form of an oil; the oil redissolved in water, again 
evaporated, &:c., till the water which stands above the oil, no longer 
forms a precipitate with solution of silver. The oil is then dried in vacuo 
over oil of vitriol and hydrate of potash, till it crystallizes after a few 
days, with separation of a little chloride of calcium. This crystalline 
mass is dissolved in absolute alcohol; the solution quickly decanted from 
the chloride of calcium, and evaporated in vacuo; the crystalline residue 
freed hy repeated pressure from an nnctuous substance formed by decom- 
position of the alcohol; and this solution in alcohol, evaporation, and 
pressing, repeated till the acid no longer leaves chloride of calcium when 
burnt. The purification is attended with great loss, which is even 
increased by using etber instead of alcohol. 

Properties, Colourless; crystalline; melts at 60^, and crystallizes 
on cooling in a mass having a silky lustre; at 75% it diffuses itself in 
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wliite clouds wHcli condense on cold bodies in silky needles. Has an 
extremely sour taste, and forms wliito spots upon tlie tongue. Perma- 
nent in tbe air. 

Calculation, acc. to Gerhardt. Calculation, acc. to Malaguti. Malaguti. 


6 C 

. 36-0 . 

... 20-32 

6 C 

, 3G-0 . 

... 21-40 .... 

21-52 

3 Cl 

. 106'2 . 

... 59-93 

3 Cl 

100-2 . 

... 63-14 

63'07 

3H 

. 3*0 . 

... 1-09 

2H 

, 2-0 . 

.., 1*19 ... 

1-25 

40 

. 32*0 . 

... 18-06 

3 0 

. 24-0 . 

... 14-2/ ... 

14-16 

cecra30‘k., 

.. 177'2 . 

... 100-00 

cccra-03... 

. 168'2 . 

... 100-00 ... 

100-00 


Malaguti fused tlie acid before analyzing it. Gerhardt suggests (N. J. J?hafm. 
14, 235) that it was hereby partially converted into chlorosvccid, C^^CFHO^, and 
consequently the analysis gave too little H andO. 


The Ammonia-salt crystallizes in long asbestusdiko fibres. 

The dilute acid does not precipitate any heavy metallic salts. 

The concentrated acid forms with nitrate of sihera crystalline magma, 
consisting of delicate shining needles, which are hut little afifccted by 
light at ordinary temperatures, but arc ycry susceptible of its influence 
when heated (Malaguti). 


Calculation, acc. to Gerhardt. Calculation, acc. to Malaguti. in vacuo 


6 C 

36-0 , 

12-67 

6 C 

36-0 ., 

.. 13*08 .... 

.... 12-60 

3 Cl 

106-2 , 

37-37 

3 Cl 

..... 106-2 .. 

.. 38*59 


2H 

2-0 , 

.. 0-70 

H 

1-0 .. 

.. 0-36 .... 

.... 0-56 

Ag 

108-0 . 

.. 38-00 

Ag 

108-0 .. 

.. 39-25 .... 

.... 39-09 

4 O 

32-0 . 

.. 11-26 

30 

24-0 .. 

.. 8*72 


C^CPH^A 

284-2 .. 

.. 100-00 

C«C13HAg03 275-2 . 

.. 100*00 



d. Kitro-nuclet^, 

Mtropropionic Acid. c®NH®0s=:C'5XHs,0^. 

Chancel, Jf. Ann, Ghim, iP7iys, 12, 146; also Gom'pt, rend, IS, 1023; 
also * 7 . fT, OJiem. 33, 453; abstr. PJiarm, 52, 295. — N,J, 
Fliarm, 7, 355. — Gompt. rend. 21, 908. 

Laurent & Chancel. Gompt, rend. 25, 883; also N, J, FJiarm, 13, 
462. 

NUrometacetonic acid, Niiromeiaceisdure, Acide meiacelonitrique (formerly, 
Acide we). --^Discovered by Chancel in 1844, but at first mistaken for 

nitrobutyric acid. 

Formation. By the action of nitric acid on metacetone or butyral 
(C®H®0^) or butyrone (G^^H^^O®), 

Preparation. Butyrone is gently heated in a retort with a moderate 
q^uantity of strong nitric acid, till carbonic acid and nitrous fumes are 
abundantly evolyed; then removed quickly from the fire, to prevent 
projection of the liquid by the violent evolution of gas which takes 
place; and. the red vapour spassed through water, which thereby becomes 
covered with a layer of oil. When the evolution of gas is terminated, 
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the distillate is repeatedly agitated with a large quantity of water. — 
Another method is to boil 10 or 15 grammes of butyrone in a tubulated 
retort; gradually add an equal weight of boiling nitric acid; and then 
remove the fire. 

Properties. Yellow oil, which does not solidify in a mixture of other 
and solid carbonic acid; heavier than water; has an aromatic odour and 
a very sweet taste (Chancel). 

Calculation, according to Laurent & Chancel. 


6 C 

36 

30*25 

N 

14 

11*77 

5 H 

5 

4*20 

8 0 

G4 

53-78 



119 

..... 100*00 


Decompositions. The acid is easily set on fire, and burns with a 
reddish flame (Chancel), 

Comlinations. The acid is insoluble in water. 

The N itropropionates are yellow, crystallizable, and when gently 
heated, detonate slightly with emission of light. Mineral acids added 
to their aqueous solutions, throw down the nitropropionic acid in the 
form of an oil (Chancel). 

Nitropropionate of Ammonia. C®XPPAm,0‘^ + 2 Aq. — Crystalline. 
May be sublimed without detonation. After remaining for some days in 
a stoppered bottle, it decomposes spontaneously, and is converted into a 
liquid which assumes the gaseous form even at ordinary teinperaturcs. 
Its aqueous solution is readily decomposed by sulphuretted hydrogen, 
with deposition of sulphur (Laurent & Chancel). 

JSfitropropionate of Fotasli, C®XH^K,0^ + 2 Aq. The alcoholic solu- 
tion of the acid mixed with alcoholic potash, becomes heated and forms 
a yellowish mixture, which, after a while, deposits a great number of 
scales, and finally solidifies in a crystalline mass. The crystals washed 
with alcohol and purified by recry stallizat ion, form yellow laminse 
isomorphous with those of the ammoniacal salt (Chancel). They give 
off their water of crystallization (10 p.c.) at 140*^, and detonate at a 
temperature 2° or 3° higher (Laurent k Chancel). They dissolve in 
20 pts. of water, scarcely at all in alcohol (Chancel). 

The aqueous solution of the potash-salt forms a yellow precipitate 
with lead-salts^ and a dingy green precipitate with copper-salts (Chancel) . 

Pitropropionaie of Silver. a. Dibasic. AgO,C^XH^Ag.O^ + Aq. 
— The potash-salt forms with nitrate of silver a yellow precipitate which 
soon turns violet. It dissolves in a largo quantity of water, and crys- 
tallizes out on evaporation. But when the salt is boiled with water, half 
the oxide of silver separates out and the monobasic salt remains dis- 
solved. (Chancel), 

h. Monobasic. C‘^XH*Ag0^4'2Aq. — The aqueous solution of a 
boiled and filtered from oxide of silver, yields rhombic tables by evapo- 
ration (Chancel). 

JSTitropropionic acid mixes in all proportions Alcohol, (Chancel). 
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e. Amidogen-Qiuclei. 
a, Amidogen-iiucleus. C^’AdH®* 

Propionamide or Metacetamide. 

Produced immediately on bringing propionic etber (p. 409) in contact 
with aqueous ammonia: 

CiOHiOQ^ + NH3 = C6NH702J+ 

It is decomposed when beated with potassium^ yielding cjranide ^of potas- 
sium, hydrogen, and a carburetted hydrogen gas. Distilled with anhy- 
drous phosphoric acid, it yields Metacetonitrilej which is identical with 
cyanide of ethyl (VIII, 486). 

C6NH702 «= C^NHS + 2HO. 

(Dumas, Malaguti & Leblanc, Gompt. rend. 25, 657). 


Sarcosine. C®NH’^0^=C'AdH',0^ 

Liebig. Ann. PJiarm. 62 , 810 . 

SarJcosin. From (Tag%^ liesli. 

Preparation. 10 pts. of baryta-crystals (free from potasli, Soda, 
lime, chlorine, and nitric acid, which substances are difficult to separate 
from sarcosine) are added to a boiling saturated solution of 1 pt. of 
creatine in water; the mixture kept boiling, and the water and baryta 
renewed, as long as ammonia continues to escape and a precipitate of 
carbonate of baryta to form; the liquid filtered from this precipitate; the 
caustic baryta precipitated by a stream of carbonic acid gas; and the 
filtrate evaporated to a syrup: this syrup, when set aside, solidifies in a 
heap of transparent and colourless crystalline laminm. To purify this 
product, the mass is dissolved in excess of dilute sulphuric acid; the 
solution evaporated to a syrup over the water-bath; the syrup mixed with 
alcohol by stirring the two together with a glass rod, till the mixture is 
converted into a white crystalline powder of sulphate of sarcosine; the 
powder washed with cold alcohol (which dissolves out a substance 
resembling urethane) ; dissolved in water ; heated with carbonate of 
baryta till the liquid becomes neutral; and the filtrate evaporated over the 
water-bath to a syrup, which crystallizes in 24 to 36 hours. 

Frop>erti€s. Transparent, colourless, right-rhombic prisms, accumi- 
nated with two faces resting on the obtuse lateral edges {Fig. 65). 

: w=77°. They retain their appearance unaltered at 100°; melt at a 
somewhat higher temperature; and when heated to 100° between two 
watch-glasses, sublime in the form of a crystalline network. The aqueous 
solution has a sweetish, sharp, and somewhat metallic taste, and is neutral 
to vegetable colours. 
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6 C 

Crystals. 

... 40*45 ... 

Liebig. 
40*73 

N 

14 

... 15*73 ... 

.... 15*84 

7H 

7 

... 7*86 ... 

7*90 

4 0 


... 35*96 ... 

35*53 

C^NH^O^ .. 

89 . 

.. 100*00 ... 

100*00 


Sarcosine is in the propylene-series ’s\hat glycocol (p. 247) is in the ethylene- 
series (Laurent & Gerhardt, N. J. Phann. 14, 314). — Liebig places sarcosine among 
the alkaloids. 

ComhinationB. Sarcosine dissolves with great facility in water. 

Sulphate of SarcoBine, — IPre^amtion (p. 432). The salt, after 
washing in cold alcohol, dissolves in 10 to 12 parts of boiling alcohol, and 
yields on cooling, transparent, colourless, highly lustrous four-sided 
tables resembling chlorate of potash; their solution reddens litmus. 
They give off 6*8 p.c. (1 At.) water at 100°. They dissolve very readily 
in water; crystallize from the solution in large plumose laminae; and 
are very sparingly soluble in cold alcohol. 

Briad at 100°. Liebig. 

CGNHW,HO 98 .... 71‘02 

S03 40 .... 28*98 29*80 

CgnH^0^S03,H0 138 .... 100*00 

Eydrochlorate, — Sarcosine evaporated with hydrochloric acid, yields 
a w^hite mass which crystallizes from alcohol in small transparent 
needles. 

Mercury -compound. — An aqueous solution of sarcosine forms no 
precipitate in a dilute solution of corrosive sublimate; in a cold-saturated 
solution of that salt, crystallized sarcosine dissolves readily, and soon 
forms numerous delicate needles of the double-salt, which ultimately 
convert the liquid into a solid mass. 

Platinum-compound. — A clear mixture of hydrochlorate of sarcosine 
and excess of bichloride of platinum, yields by spontaneous evaporation, 
large, honey-yellow, octohedral segments, which maybe freed from excess 
of bichloride of platinum by washing with ether and alcohol. They 
give off 6*7 p.c. (2 At.) water at 100°, leaving a residue of C®NH'’' 0 ^ 5 HC 1 
+ PtCP. 

The dark blue solution of sarcosine in aqueous cupmc acetate likewise 
yields, by evaporation at a gentle heat, coloured laminm of a double 
salt. 

Sarcosine dissolves sparingly in alcohol, and is insoluble in ether 
(Liebig). 
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T Alanine. C«NH'0^=:C«AdH^0^ 

A. Strecker. Ann. Fliarm, 75, 29 j Chem. G-a%. 1850, 409; Jahresber. 

1850, 382. 

Formatmt. By tEe action of hydrocyanic acid on aldehyde-ammonia 
in presence of dilute hydrochloric acid, and with the aid of heat: 

CW02,NH3 + C^NH + HCl + 2HO = C^NHJ^O^ + NH^Cl. 

If the mixture of aldehyde-ammonia, hydrocyanic acid, and dilute hydrochloric acid (the 
latter being in sufficient quantity to produce a slight acid reaction) be left to itself in a 
close vessel at ordinary temperatures, a different action takes place, the liquid after a 
while depositing crystals of Hydrocyamldiney : 

3(C4H402,KH3) + 3C2NH + 2HC1 = 4 . gHO + 2Ntl4Cl. 

When the aldehyde- ammonia and hydrocyanic acid are heated together without admix- 
ture of hydrochloric acid, a totally different action takes place, hydrocyanate of 
ammonia going off, the mass acquiring a deep brown colour, and a substance being 
foimed which crystallixes in thin colourless needles, and dissolves very readily in ether, 

Freparation. An aqueous solution of aldehyde-ammonia is mixed 
with hydrocyanic acid, in the proportion of 2 pts. l)y weight of aldehyde- 
ammonia to 1 pt. anhydrous hydrocyanic acid, aqueous hydrochloric acid 
added in excess, and the mixture distilled in a retort. Hydrochloric acid 
then passes over, together with a small quantity of hydrocyanic acid, and 
if the hydrochloric acid was very concentrated, a small quantity of 
formic acid; and after the liquid in the retort has been evaporated to half 
its bulk, which is best effected at the heat of the water-bath, a large 
quantity of sal-ammoniac crystallizes out, and there remains a thick 
strongly acid mother-liquor containing hydrochlorate of alanine. To 
separate this compound from the sal-ammoniac, the mass, after being 
freed as completely as possible from excess of hydrochloric acid by con- 
tinued heating to 100^, is mixed with a small quantity of water; the 
liquid filtered from the undissolved chloride of ammonium; the latter 
washed with a small quantity of cold water; the filtrate freed from 
hydrochloric acid and chloride of ammonium by boiling with hydrated 
oxide of lead, which must be added as long as ammonia continues to 
escape; the filtrate freed from lead by sulphuretted hydrogen; and the 
liquid, after filtration from the sulphide of lead, evaporated to the 
crystallizing point. The alanine then separates out; a little more may he 
precipitated from the mother-liquor by addition of alcohol. The crystals 
are purified from hydrochloric acid by washing with alcohol. — The 
mixture of hydrochlorate of alanine and chloride of ammonium first 
obtained, may also be mixed with alcohol and a small quantity of ether, 
in which the hydrochlorate of alanine dissolves readily, the sal-ammoniac 
but sparingly. The alcohol and ether are then evaporated, and the 
solution freed from hydrochloric acid and a small quantity of ammonia, 
by means of hydrated oxide of lead. 

Froperties, Crystallizes on cooling from hot saturated solutions, in 
colourless needles, having the form of oblique rhombic prisms, and united 
in tufts: the aqueous solution, when evaporated, yields a crust, and below 
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i't a number of capillary crystals. Tbe larger crystals liave a pearly 
lustre, are bar3, and grate between the teeth. At 200 ° it sublimes, and 
falls down again in fine snowy crystals; when suddenly heated, it fuses 
with partial decomposition. When rapidly heated on platinum foil, it 
burns away with a yiolet flame. 



Dried at 100°. 


Strecker [mean). 

6C 

36 

... 40-45 

40-35 

N 


.. 15*73 

15*32 

7 H 

7 .. 

.. 7*86 

7*81 

4 0 

32 .. 

.. 35*96 



89 

... 100*00 



Isomeric with urethane, lactamide, and sarcosine ; from the two former it is dis- 
tinguished by not melting below 100°; from the last, by being less soluble in water, less 
volatile, and by forming compounds with metallic oxides. 

Decompositions , — Alanine is not altered by boiling with acids; it dissolves in 
strong sulphuric acid, and the solution does not blacken or give off sulphurous acid, even 
at a boiling heat. — 1. Alanine is decomposed hy nitrous acid, with evolu- 
tion of nitrogen and formation of lactic acid: 

+ 2N + HO. 

2. Alanine is not altered by boiling with solution of potash; but if 
the mixture he concentrated by evaporation till the potash is nearly 
reduced to the solid hydrate, ammonia is evolved, together with a con- 
siderable quantity of hydrogen; and if the operation be then interrupted, 
and the residue distilled with dilute sulphuric acid, hydrocyanic acid and 
water pass over, together with a volatile acid, which has a powerful acid 
reaction, and appears to he acetic acid. — 8. Alanine heated in the state 
of aqueous solution with peroxide of lead, is decomposed, with formation of 
carbonic acid, aldehyde, and ammonia. The same products are formed on 
boiling it with peroxide of lead and dilute sulphuric acid; the distillate 
has then a strong acid reaction, due probably to acetic acid formed from 
the aldehyde by oxidation. The distillate does not appear to contain 
any nitrogenous body. 

Combinations. 1. Alanine dissolves in pts. of Water at 17^ and 
in a i^aller quantity of hot water. The solution has a sweet taste, docs 
not aflfeot vegetable colours, and forms no precipitates with, any of the 
ordinary reagents. 

2. With Acids. — Alanine dissolves in dilute acids more readily than 
in water, without however neutralizing their action on vegetable colours; 
it is not separated from tbe solution by addition of alcohol. When a 
solution of alanine in an easily volatile acid is evaporated, there remains 
a stmngly add mass, consisting of a compound of alanine with tlie acid, 
l^e t50mpouuds of alanine with acids all dissolve in alcohol more readily 
than alanine itself^ and likewise dissolve for the most part in a mixture 
of alcohol and ether. 

Sulphate of Alanvm. — Very soluble in water. Eemains when the 
solution is evaporated, in the form of a syrupy mass, which solidifies in 
crystals after some time only. It may be freed from excess of sulphuric 
acid hy washing with a small quantity of alcohol. Absolute alcohol 
does not precipitate he salt, even from its most concentrated aqueous 

2 F 2 
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soIutioBj But a mixture of alcoBol and ether separates it in the form of a 
thick syrupr 

Hydrochlorate of A lanine. a. SC^NH’^O^jHCL — Obtained by passing 
dry hydrochloric acid gas oyer dry alanine, or by dissolying 2 At. 
alanine in 1 At. hydrochloric acid. 100 pts. alanine take up 20*3 p.c, 
hydrochloric acid; the aboye formula requires 20*5 p.c. — The solution, 
when evaporated or mixed with alcohol, yields the compound in colour- 
less crystals. Dissolyes readily in water, sparingly in alcohol. 

Strecker. 

2 C6NH70^ 178-0 .... 83 .... 

IICI 36-4 .... 17 .... 20*5 

2C6NH~04,HC1 214-4 .... 100 

The salt analyzed was prepared by dissolving alanine in less than an equivalent 
quantity of acid, and was contaminated with the following compound 

5, C®NH'^0^,HCL — Obtained, though not easily in a state of purity, 
hy evaporating a solution of alanine in excess of hydrochloric acid. 
Extremely deliquescent and very soluble in alcohol. 

Dried 100°. Strecker. 

89-0 .... 70-9 

HCl 36-4 ... 29*1 30-2 

125-4 ... 100*0 

Witrate of Alanine, — Remains in the form of long colourless needles 

when a solution of alanine in dilute nitric acid is slowly evaporated. 
The crystals deliquesce in damp air, and dissolve very readily in water, 
somewhat less freely in alcohol. After drying over oil of vitrol, they do 
not at first diminish in weight at 100°; hut nevertheless they gradually 
undergo an alteration, indicated by the assumption of a yellow colour. 


G C 

36 .. 

.. 23 68 ... 

Strecker. 
...... 23*90 

8 H 

8 .. 

.. 5*26 ... 

5-47 

2 N 

28 .. 

.. 18-42 


10 0 

80 .. 

,. 52*64 



C«NH70^NOSH .... 152 .... 100*00 

^latinnm-salt , — Neither the aqueous nor the alcoholic solution of 
hydrochlorate of alanine forms any precipitate with bichloride of platinum. 
But on evaporating a mixture of the two salts, treating the nearly dry 
mass with a mixture of alcohol and a small quantity of ether, and leaving 
the resulting solution to evaporate, the chloroplatinate of alanine sepa- 
rates in delicate yellow needles, which are soluble in water, alcohol, and 
ether. At 100^, the crystals assume a dark colour, and diminish con- 
tinually in weight; and when dissolved in water, after exposure to this 
temperature for some time, leave a residue of chloroplatinate of ammonium. 

UL tut: uttiumi y ttunjitii fjttutrfi, oireciter. 


12 C 72 .... 13-0 

2 N 28 .... 5-0 

15 H 15 .... 2-7 

2Pt 198 .... 35-7 35-4 

5 Cl 177 .... 32-0 

8 0 64 .... li-6 


2(C«NH"0^),HCl,2PtC12 


554 .... lOO'O 
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This salt affords a marked distinction between alanine and sarcosine, the chloro- 
platinate of sarcosine being insoluble in a mixture of alcohol and ether, and crystallizing 
in large octohedrons (p. 433). 

c. Alanine combines with Metallic oxides^ forming compounds which 
may be regarded as alanine in which 1 At. hydrogen is replaced by 1 At. 
of the metal. The compounds have an alkaline reaction, in those cases 
in which the metallic oxide itself exhibits that reaction. 

£anum~compotmd. — An aqueous solution of alanine boiled with 
carbonate of baryta takes up a large quantity of baryta, acquiring thereby 
an alkaline reaction. The liquid yields by evaporation a crystalline 
compound of alanine and baryta, which is soluble in water, and imparts 
to that liquid an alkaline reaction. A stream of carbonic acid gas passed 
through the solution, throws down nearly all the baryta in the form of 
carbonate; but the precipitate disappears again when boiled for some time 
with the solution. 

Lead-compound, 2C®NHTbO* 4- PbO,HO. — Protoxide of lead boiled 
with an aqueous solution of alanine is dissolved in considerable quantity, 
forming a solution which, when evaporated and cooled, yields vitreous 
colourless needles. The aqueous solution mixed with alcohol becomes 
turbid, and solidifies in a mass of needles arranged in radiating groups. 
The crystals, when dried over oil of vitriol, give off water, and crumble to 
a white mealy powder, which is no longer completely soluble in water. 
The filtered solution has an alkaline reaction, and when exposed to the 
air, becomes turbid and deposits carbonate of baryta. The compound 
prepared by boiling alanine with excess of oxide of lead, and precipitating 
with alcohol, gave off 8*6 p.c. water at and the dried product 

yielded by analysis 66*87 p.c. oxide of lead. According to the above 
formula, the quantity of oxide of lead in the salt dried at 100*^ should be 
66*45 per cent; and the quantity of water given off corresponds to 5 At. 
(= 8*2 p.c.). 

Copper-compound. — An aqueous solution of alanine acquires a dark 
blue colour by boiling with cupric oxide, and yields by evaporation deep 
blue crystals, which appear under the microscope to consist of somewhat 
elongated six-sided tables, but partly also of tbickish rhombic prisms. 
The crystals undergo no change at 100^; but at a higher temperature, they 
assume a light blue colour without alteration of form, and afterwards 
yield a bluish white powder. After drying at 1 00°, they give off at 
120"^, a quantity of water amounting to 6*5 p.c. (or 1 At.). The com- 
pound dissolves pretty readily in water, forming an intensely coloured 
solution, which becomes almost colourless on addition of nitric acid. In 
alcohol it is nearly insoluble: 



Dried at 120°. 


Strecker. 

6C 

36-0 

.... 30*07 .. 

...... 29-97 

6H 


.... 5-01 .. 

5-17 

N 

14-0 

.... 11-70 


3 0 

24-0 

.... 20-05 


CuO ... 

39-7 

.... 33*17 .. 

33*25 


CSNHfiCuO^ 119*7 .... 100-00 
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C^NHW 

Fried at 100®, 

89*0 .. 

.. 69*15 

strecker. 

CuO 

39-7 .. 

.. 30*85 ... 

30-95 


C<'^NH70SCu0«CSNH«Cu0‘i,H0 12S*7 o.. 100*00 


Siher*compoundu — Alanine boiled with silver-oxide and water, 
forms a colourless solution, which on cooling yields small yellowish 
needles, uniting in hemispherical masses. They dissolve readily in water, 
and the solution may be boiled without decomposition. They quickly 
assume a dark colour when exposed to light; and turn brown when 
heated for some time to 100° in the moist state. After drying at ordi- 
nary temperatures, they may be heated to 100° without alteration 
(Strecker). 

Ihried at lOO'^. 

C^NHSO^... 88 .... 44*9 

Ag 108 .... 55*1 55*2 

C^^NH^AgO^ 196 .... 100*0 ^ 


Conjugated Compound. 

Cystine. C*NH’S*0*=C‘AdH',2S0\ 

Wollaston. FUl, Trans. 1810, 223; also Schw. 4, 193; also Ann, 
Chim. 76, 22. 

Lassaigne. Ann. Chim. Fhys. 23, 328; also Schw. 40, 280; also 
JN. Tr. 9, 1, 267. 

Baudrimont & Malaguti. Abstr. J. Fharm. 24, 633. 

Thau LOW. Ann. Fharm. 27, 397. 

Marcjiand. J. pr. Ghem. 16, 254. 

Ci/sHni Cystic Oande^ Blaseiioan/d. Discovered by Wollaston in 1810. — In very 
rare instances, the Txrinary calculi and gravel of men and dogs consist of this substance 
(Robert, J". PAarm, 7, 165; Buchner, Repert. 21, 113; Walchner, Schw. 47, 106; 
Wurzer, Schw. 56, 472 ; Schindler, Mag. Fharm. 29, 264 ; Venables, N. Quart. J. 
of Sc. 7, 30 J O. Henry, /. Fharm. 23, 11 ; Dranty, J. Chim. mcd. 13, 230 ; Taylor, 
Fhil. Mag. J. 12, 337 ; Lecann & Segalas, J. Fharm. 24, 460 ; Schweig, Heidclh, 
Medic. Amal. 13, 364). 

Furijicotions If the calculus contains phosphate of lime as well as 
cystine, the latter is either dissolved out by ammonia, and the filtrate left 
to evaporate to the crystallizing point; or it is dissolved in potash, and 
precipitated from the filtrate by acetic acid (Lassaigne). 

Froperties. In urinary calculi, cystine presents the appearance of a 
yellowish, shining, confusedly crystallized mass (Wollaston); wax-yellow, 
translucent, elongated square octohedrons (Schindler); yellowisli, trans- 
lucent, with a faint lustre; confusedly crystalline; crackles between the 
teeth; is easily rubbed to a yellowish powder; tasteless, neutral (Robert). 
Sp. gr. of a calculus containing 97*5 pts. cystine to 2*5 pts. phosphate of 
lime^ — 1*577 (Wbllaston); of a calculus containing 91 per cent of cystine 
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= 1*13 (Taylor); of a puro cystine calculus =r7143 (VeiiaWes), From 
a solution ia hot aqueous potash, cystine slowly crystallizes on addition 
of acetic acid, in neutral, ^six-sided^laminac (Wollaston); from an amnio- 
niacal solution by evaporation, in transparent, colourless laminso (Las- 
saigne); in rhombic crystals (Thaulow.) 


Tliaulow. Marchand. Front. Lassaigne. 

6 C 36 .... 29*75 . . 30*01 .... .... 29*88 .... 36*2 

N 14 .... 11*57 ... 11*00 .... 11*88 .... 11*85 .... 34*0 

7.H 7 .... 5*78 .... 5*10 .... .. . 5*12 .... 12*8 

2 S 32 .... 26*45 .... 28*38 .... 25*55 

4 0 32 ... 26*45 ... 25*51 .... .... 53*15 .... 17*0 


.... 121 .... 100*00 .... 100*00 .... .... 100*00 .... 100*0 

Prout and Lassaigne (whose analysis differs so widely from the rest as to lead to 
the suspicion that he must have examined another substance) overlooked the sulphur^ 
which was first pointed out hy Baudrimont & Malaguti. Thaulow supposes cystine to 
contain only 6 H, which certainly agrees better with his analysis, hut gives an uneven 
number. — According to the formula, C^AdH^,2S02, cystine is similar in composition 
to methane and taurin. 

Deco7nposiHo7is» 1. Cystine yields by dry distillation, carbonate of 
ammonia, a volatile and viscid stinking oil, and spongy charcoal (Wol- 
laston, Walchner). It likewise gives off hydrocyanic acid (Schindler). 
— 2. When heated in the air, it gives off a quite peculiar and extremely 
disagreeable odour (Wollaston), sulphurous and resembling that of oil of 
mustard (0. Henry). It takes fire at the same time, without melting 
(Wollaston); assumes a black-hrown colour; and splits into fragments, 
which disappear without fusion or intumescence, emitting a strong smell of 
hydrocyanic acid and a faint empyreumatic odour (Buchner). — 3. Fused 
with hydrate of potash, it gives off an inflammable gas, which burns with 
a flame of sulphide of carbon, producing sulphurous acid (Thaulow). — 
4. Its solution in excess of nitric acid leaves, when concentrated by boil- 
ing, first a white opaque substance (Lecann & Segalas), then a substance 
which becomes continually browner, and at last black, is free from oxalic 
acid (Wollaston), but contains sulphuric acid (Thaulow). 

Comhmations. Cystine is insoluble in water (Wollaston, Eohorfc). 

It dissolves in the aqueous solutions of the stronger acids; and on 
evaporation at a gentle heat, yields crystals which are soluble in water 
(Wollaston). The solution is precipitated by carbonate of ammonia 
(Eobert). 

Phosphate of Cystine, — Tufts of needles (Wollaston). Lassaigne 
obtained no crystals from the solution. 

Sulphate of Cystine, — Units oi needles (Wollaston). A solution of 
cystine in dilute sulphuric acid turns brown when somewhat strongly 
heated (Eohert). Oil of vitriol saturated with cystine yields a colourless, 
viscid, non-crjstallizable mass, which is soluble in water, and after drying 
in vacuo over oil of vitriol, contains 10*4 per cent of sulphuric acid 
(Lassaigne). 

Rydrochlorate of Cysthie, — Tufts of needles which give off hydro- 
chloric acid at 100° (Wollaston). The needles are nearly insoluble in 
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water (0. Henry). Wben strongly heated, they giye off hydrochloric 
acid, and leave a brown, afterwards black residue (Robert). Hydro- 
chloric acid saturated as completely as possible with cystine, still reddens 
litmus. The peaidy needles permanent in the air which the solution 
yields by spontaneous evaporation, contain, after drying in the sun, 5*3 
per cent of hydrochloric acid (Lassaigne). 

Nitrate of Qystine, — Tufts of needles (Wollaston). The needles 
have a very beautiful silky lustre, are not decomposed by sunshine, and 
contain 3T p.c. of hydrochloric acid (Lassaigne). 

Cystine dissolves readily in aqueous ATnmonia, Potash, Soda and Lime, 
also in Bicarbonate of Potash and Soda, but not in bicarbonate of ammo- 
nia. All these solutions yield granular crystals by evaporation (Wollas- 
ton). — From alkaline solutions, cystine is not precipitated by sulphuric, 
hydrochloric, or nitric acid; but acetic, tartaric, and citric acids precipitate 
it in a few seconds, as a fine white powder (Wollaston, Lassaigne, 
Walchner, Robert). 

The solution in ammonia, when left to evaporate, yields pure cystine 
in crystals. — The solution in potash deposits on evaporation, white 
crystalline grains, which are tasteless, leave a small quantity of potash 
when burned, are insoluble in pure water, but dissolve readily in water 
containing potash (Lassaigne). 

Cystine dissolves readily in aqueous Oxalic acid (Wollaston). The 
solution yields by evaporation, efflorescent needles containing 22 p.c. 
oxalic acid (Wollaston). 

Cystine is insoluble in aqueous acetic, tartaric, and citric acid; also in 
alcohol (Wollaston). 

^ A substance resembling cystine and xanthine, and found in small whitish grams 
on the mucous membrane of the digestive organs, liver, &c. of the body, two months 
after interment, of a person who died of inflammation of those organs, has been 
examined by A. Chevallier & Lassaigne {J. Chim, mH, [3], 7, 208; Pharm. Cenir. 
1851, 717). The authors give to this substance the name of Cystinold Ttdercles or 
Xanthocysiine. ^ 


Amidogen-micleus. C’Ad^O^. 

Oxaluric Acid. c^N^H^Qs^c^Ad^o^O^ 

Liebig &c Wohler (1838). Ann. Pharm. 26, 287. 

Formation and Preparodion. 1. Parabanic acid dissolved in aqueous 
ammonia and heated to the boiling point, is converted into oxaluratc of 
of ammonia. Carbonate of lime dissolved in aqueous parabanic acid, 
yields a solution of oxalurate of lime. — 2. A solution of murexan, 
exposed to oxygen gas till the purple colour at first produced has disap- 
peared, contains oxalurate of ammonia. — 4. A solution of uric acid in 
warm, very dilute nitric acid, mixed with ammonia and evaporated imme- 
diately after cooling, yields crystals of yellow-coloured oxalurate of 
ammonia, which must he purified with animal charcoal. 

The oxalurate of ammonia is dissolved in a small quantity of warm 
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water; mixed witli sulpliuric, lijdrocliloric, or nitric acid; tlie liquid 
cooled as quickly as possible; and the pulverulent precipitate of oxaluric 
acid wasbed. 

IBroperiies. Wliito, loosely coberent^ crystalline powder, which has 
a sour taste and reddens litmus. 

Crystals. Liebig Sz Wohler. 


6 C 

36 .. 

... 27-27 ... 

.... 27*46 

2N 

28 .. 

... 21’21 ... 

. ... 21*22 

4 H 

4 

... 3*03 ... 

3*09 

8 0 

64 

... 48*49 ..., 

48*23 



132 . 

. 100*00 ... 

.. .. 100*00 


Oxaluric acid may be regarded as a Xlridic acid allied to the amidated acids, i. g. as 
Uiea + Oxalic acid — 2Aq. 

C2N2H402 + ~ 2HO - CWH^Qs. 

(Laurent & Gerhardt, N, Ann. Chim, Phys. 24, 175). 


Decompositions. The aqueous solution of the acid boiled till it no 
longer crystallizes on cooling, is converted into a solution of oxalate of 
urea; hence the name: 

CWH^OS + 2HO = + CSN^H^OS; 

[or: CL\d20s + 2HO = C-^H^Os + C^Ad^O^]. 


Combinations. The acid dissolves very sparingly in cold water. 

It neutralizes alkalis completely; and acids added to the solution, 
precipitate the oxaluric acid in the form of a white powder. 

Oxalurate of Ammonia. — Silky needles, which sustain no loss at 
120°, dissolve very sparingly in cold water, but more readily than the 
free acid, and easily in hot water. 


Crystals. 


Liebig & Wohler, 

6 C 

... 36 . 

... 24*16 

24*40 

3N 

... 42 . 

... 28*19 

28*25 

7H 

... 7 . 

... 4*70 

4*84 

80 

... 64 . 

... 42*95 

42*51 

KH3,C6N2H-^Os 

,... 149 . 

... 100*00 



Oxalurate of Lime. — a. Basic. — Obtained by supersaturating the 
acid with lime-water, or by mixing the neutral salt, or the clear mixture 
of oxalurate of ammonia and dilute chloride of calcium, with ammonia. 
Thick gelatinous precipitate, which dissolves very sparingly in water, 
readily in dilute acids, even in acetic acid. 

b. IfeiUral. — Concentrated solutions of oxalurate of ammonia and 
chloride of calcium, deposit this salt in shining transparent crystals, which 
dissolve sparingly in water. 

Oxalurate of Siher. — The alkaline oxalurates precipitate nitrate of 
silver in thick white flakes; and on dissolving these in hot water, the 
salt separates on cooling in long, delicate, silky needles. The crystals 
contain no water of crystallization, and when heated, decompose without 
detonation, leaving metallic silver (Liebig & Wohler). 
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Crystals, Liebig & Wdbler. 


6C 

... 36 

.... 15-06 .. 

.... 15-29 

2 N ; 

... 28 

.... 11-72 ... 

.... 11-74 

3H 

3 

.... 1*25 ... 

.... 1-29 

Asf 

.. 108 

.... 45-19 ... 

.... 45*37 

8 0 

... 64 

.... 26-78 ... 

.... 26-31 

C'NSH^AgOa 

.... 239 

.... 100-00 ... 

100-00 


Nitrogen^nudei, 
a, Mtrogen-mccleus, C^NAdO^. 

Parabanic Acid. C®N2H20«=C«NAd0^02? 

Liebig & Wohler (1838). Aoin, Fliarm, 26, 285. 

Freparation. Uric acid is dissolved in 8 pts. of warm, moderately 
strong nitric acid; tLe solntion evaporated, after tlie evolution of gas lias 
ceased, and cooled: parabanic acid then separates, often very abundantly, 
in colourless laminm. These are dried upon a brick, and twice crystal- 
lized from water. 

Froperties, Thin, transparent, colourless, six-sided prisms, having a 
very sour taste, like that of oxalic acid. 



Crystallized, 


Liebig & 
Wohler. 

Laur. & Gerh. 
dried at 110% 

6 C 

36 .. 

.. 31-58 .. 

31*91 

31-4 

2 N 


.. 24-56 .. 



2H 

2 .. 

., 1-75 .. 

1-93 


6 0 

48 .. 

.. 42-11 

41-54 


CWHSQS 

114 .. 

.. 100-00 .. 

100-00 



The parabanic acid analyzed by Laurent & Gerliardt {N. 'Ami. Chim. Phys, 
24, 175) was prepared from uric acid by means of a mixture of chlorate of potash and 
hydrochloric acid. 

Becomposiiions. The acid assumes a reddish colour at 100°, without 
efflorescing, and melts at a stronger heat, partly subliming and partly 
decomposing, with evolution of hydrocyanic acid. — It does not decom- 
pose when its solution in water or in aqueous acids is boiled. — It dis- 
solves abundantly ill aqueous ammonia, forming a colourless neutral 
solution, which when boiled and immediately cooled, deposits so large a 
crop of needles of oxaliirate of ammonia, that it solidifies to a^'niagraa, 
the parabanic acid being converted into oxaluric acid by taking up 
2HO: 

+ 2HO + NH3 = NH^CWH^QS. 

Carbonate of lime dissolved in aqueous parabanic acid, also yields a 
solution of oxalurate of lime, 

C<miMncUions, Parabanic dissolves in Water in larger quantity than 
oxalic acid. 
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Its aqueous solution forms -witli nitrate of silver a wliite pulv'erulent 
|)recipitate, which, on careful addition of ammonia, increases considerably 
and becomes gelatinous. The precipitate is insoluble in boiling water, 
but dissolves readily in nitric acid and ammonia. Whether prepared 
with or without ammonia, it contains 70*34 per cent (2 At.) of oxide of 
silver. Hence parabanic acid is bibasic (Liebig & Wdhler). 

It is contrary to all experience that a bibasic acid, such as parabanic 
acid is said to be in accordance with the composition of its silver-salt, 
should, by addition of 2HO, be converted into a monobasic acid, viz. 
oxaluric acid. Parabanic acid belongs to the class of imides, and like 
those bodies, does not combine with any base, excepting oxide of silver. 
It is related to oxaluric acid in the same manner as phthalimide 
(C^^NH^O^) to phthalamic acid or as camphorimide 

to camphoramic acid (C^^NH^'^0®); and it reddens litmus 
only because it is converted, by the alkali contained therein, into oxaluric 
acid (Laurent & Gerhardt, Gowpt. rend, 27? 165j W. Ann, Ghim, Phys. 

175)* 


/?. Nitrogen-nucleus. 

To this head perhaps belong the following compounds, which however require 
further investigation. 


Allituric Acid. 

ScHLiEPER (1845). Ann. Pliarm. 56, 20. 

A solution of alloxantin in water is mixed with excess of hydro- 
chloric acid, and rapidly boiled down to a small quantity j the pulverulent 
mixture of allituric acid and undecomposed alloxantin treated with 
nitric acid to dissolve out the latter; the residue dissolved in 15 to 20 
pts. of hot water; and the solution left to deposit the allituric acid by 
cooling. 

Yellowish white, bulky powder. 



Dried at 300®. 


Seblieper. 

6 C 

36 

... 36-3; .. 


2 N... 

28 . 

... 28*28 .. 

28*18 

3 H 

3 . 

... 3*03 

3*38 

4 0 

32 . 

... 32*32 

32*20 

CSipH^O^ 


... 100*00 

100*00 


When allituric acid is hoiled with potash-solution till it no longer 
gives off ammonia, and hydrochloric acid then added to the boiling liquid, 
a yellowish white substance is precipitated, which, when washed and 
dried at 100% contains 12*64 per cent KO, 28*64 0, 18*77 N, 2*25 H, 
and 37*70 0; hence it is perhaps — Nitric acid neither 

dissolves allituric acid nor decomposes it, even when heated. 

Allituric acid dissolves in oil of vitinol, and is precipitated from the 
solution by water. — Its solution in ammonia yields the ammonia-salt 
by spontaneous, evaporation, in colourless shining needles (Schlieper)# 
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Leucoturic Acid. 

ScHLiEPEE (1845). A7in. Fharm. 56, 1, 

Formation and Freparation. 1. Aq^ueous alloxanic acid is boiled 
for a considerable time, tlie water being replaced as it evaporates j then 
rapidly boiled down to a syrup; and the syrup dissolved in cold water, 
which leaves the greater part of the leucoturic acid in the form of a 
white powder; a little more may bo obtained by evaporating the filtrate 
and redissolving the syrup. — 2. A concentrated aqueous solution of 
alloxanic acid is placed in a platinum capsule (which allows the heat to 
be raised somewhat higher than it could be in a porcelain dish), and 
rapidly evaporated to the consistence of a yellowish gum, which at first 
froths up strongly from escape of carbonic acid, but after two or three 
hours heating, fuses quietly; it is then diluted with cold water, which 
separates the leucoturic acid (amounting to 20 or 30 per cent of the 
alloxanic acid) in the form of a white powder. 

Snow-white, granular, crystalline powder, and largo transparent 
grains. 

Dried at 100®. Sclilieper. 

6C 36 .... 31*30 3M5 

2 N 28 .... 24-35 24-51 

3 H 3 .... 2*61 2-80 

6 0 48 .... 41*74 41-54 

115 .... 100*00 100-00 

[The correctness of this formula given by Schlieper is doubtful, as Gerhardt 
suggests (xV. J. Pharm. 8, 233), on account of the uneven number of atoms which it 
contains.] 

The acid dissolved in aqueous potash decomposes when set aside for 
some time or gently heated, giving off ammonia, and forming a large 
quantity of oxalic acid: 

CSN-H305 + 3HO = C609 + 2NH3. 

[Is not formic acid or some other product also formed ?] 

Leucoturic acid is not decomposed by boiling with strong nitric acid. 

The acid is insoluble in cold Water, but dissolves in considerable 
quantity, though slowly, in hot water, and crystallizes out again on 
cooling. 

It dissolves readily in aqueous Allcalis, and with the aid of heat 
expels carbonic acid from combination with ammonia, potash, or soda. — 
The solution of the acid in ammonia, which may be heated without 
decomposing, yields by evaporation, delicate needles of the ammonia- 
salt, which, when burned with oxide of copper, yields 2 vol. carbonic 
acid to 1 vol. nitrogen, and therefore contains 1 At. ammonia to 1 At. 
acid. The solution, on being mixed with a stronger acid, gradually 
deposits the leucoturic acid, more quickly, however, if the sides of the 
vessel are rubbed with a glass rod. Prom the solution in Fotash, the 
acid is separated in its original state by addition of a stronger acid. 

The aqueous solution of the ammonia-salt forms, with nitrate of silver, 
a white precipitate, which gradually decomposes and turns brown, and 
when boiled with the watery liquid, deposits metallic silver without 
evolution of gas, but with formation of oxalic acid (Schlieper). 
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Lantanuric Acid, 

ScHLiEPEK (1848). Ann. Fharm. 67, 216. 

Formation. By tlie oxidation of uric acid by a mixture of potasb 
and ferricyanide of potassium. 

Fo-'eparation. When pulverized ferricyanide of potassium is added 
by small portions to a solution of 10 pts. (1 At.) uric acid in 300 pts. of 
water containing potash at 20° the ferricyanide quickly dissolves as 
ferrocyanide, and throws down acid urate of potash in thick white flakes. 
From this time forth, the liquid is mixed, alternately 'with potash till the 
fliakes are dissolved, and with ferricyanide of potassium till they reappear, 
the alternations being made less frequently towards the end of the 
process, when the decomposition slackens, but continued till hydro- 
chloric acid, added to a sample of the liquid, no longer throws down 
uric acid. — For this purpose, 41 pts. (2 At.) ferricyanide of potassium and 20*5 
pts. (6 At.) hydrate of potash are used ; therefore 2 At. O are transferred to 1 At. 
ui-ic acid. — The liquid is then nearly neutralized with nitric acid (an 
excess would decompose the ferrocyanide of potassium), whereupon a 
very large quantity of carbonic acid is evolved, even if the potash was 
quite free from it, and the process was conducted out of contact of air; 
the liquid soon becomes reddish, and continues for several days, to 
deposit crystals of allantoin and a small quantity of brick-red flakes, 
whereupon it recovers its yellow colour. (These brick-red flakes dissolve 
readily in ammonia or in potash; but the resulting reddish yellow solution 
yields hut a small light yellow precipitate with acids. Their solution in 
potash assumes a pale yellow colour when boiled, and gives oflf ammonia, 
after which it no longer yields a precipitate with acids. They dissolve, with 
light yellow colour, very sparingly in cold, but abundantly in hot water, 
which then on cooling yields a sulphur-yellow deposit). — The yellow 
liquid separated from the red flakes and from the allantoin, is super- 
saturated with nitric acid (to prevent the precipitation of an organic 
lead-salt); the ferrocyanide of potassium completely precipitated by 
nitrate of lead; the liquid freed from lead-oxide by sulphate of potash; 
the fliltrate (which contains no oxalic acid) exactly neutralized wifclx 
potash; the greater part of the nitre, together with a little remaining 
allantoin, removed by evaporation and crystallization; the mother-liquor 
considerably concentrated; and the rest of the nitre, together with the 
gummy neutral lantanuraU of potash, precipitated from it by absolute 
alcohol. (The alcoholic solution still contains a small quantity of nitrate of urea). — 
2. The process is commenced in the same manner; but the liquid, after 
the decomposition of the uric acid, instead of being treated wnth nitric 
acid, is nearly neutralized at a boiling heat with sulphuric acid; then 
evaporated, during which it constantly emits an ammoniacal odour; the 
greater part of the ferrocyanide o"f potassium crystallized out; the 
mother-liquor evaporated; the remainder of the ferrocyanide of potas- 
sium, together with the sulphate of potash, precipitated from it by 
alcohol; the precipitate boiled with alcohol; the whole of the alcoholic 
liquids evaporated, till the allantoin crystallizes out; the mother-liquor 
evaporated to a viscid syrup; the syrup dissolved in water; and the 
lantanurate of potash, together with a very small quantity of oxalate, 
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precipitated in tliiok wliite flakes by absolute alcoliol. — (If tbe liquid be 
neutralized -witb acetic acid, instead of nitric or sulphuric acid, tlie 
acetate of potash exerts during tbe eyaporation (a large quantity of 
acetate of ammonia then volatilizing) a further decomposing action on 
the first formed decomposition-products, just as free potash would, and 
the final product is neither allantoin, nor lantanuric acid, but oxalic 
acid). 

The impure lantanurato of potash obtained by (1) or (2) is dissolved 
in water, mixed with acetate of lead, and filtered from the precipitate 
consisting chiefly of oxalate of lead; the lantanurato of lead precipitated 
from the filtrate by ammonia; washed, suspended in water, and decom- 
posed by sulphuretted hydrogen; and the filtrate evaporated, 

Properties, Gummy mass, easily soluble in water, insoluble in 
alcohol; its solution reddens litmus. 


Lantanurate of Potash, — a, Neutral. — The potash-salt h dissolved 
in water and neutralized by potash, yields on evaporation a viscid syrup, 
which is precipitated by alcohol in thick white flakes, and is not recon- 
verted into the crystalline salt h by stronger acids. 

h. Hyperacid, — When the crystals obtained in the first method of 
preparing lantanuric acid are dissolved in cold potash to purify them 
from allanto'in, and the filtrate instantly supersaturated with acetic acid, 
the greater part of the allantoin crystallizes out; and on separating the 
liquid from the crystals and evaporating to a syrup, the portion whicli 
remains in solution acts upon the acetate of potash in such a manner, as 
to form acetate of ammonia, which escapes, and lantanurate of potash. 
If, therefore, the syrup be dissolved in a small quantity of water, mixed 
with a quantity of alcohol just sufldcient to produce tm-bidity, and this 
turbidity removed by the further addition of a small quantity of water, 
the mixture, when left for some time in a cool place, deposits crystalline 
crusts, which are increased by frequently adding small quantities of 
alcohol, till the liquid has lost its acid reaction. The crystals are purified 
by dissolving them several times in water, filtering from a yellow sub- 
stance, and crystallizing. — Hard crystalline crusts, consisting of white 
strongly lustrous tables, which redden litmus strongly. — They give off 
11T5 p.c. (4 At.) water at 100°. — They dissolve in 9 to 10 pts. of cold 
water, much more readily in hot water, from which they again separate 
slowly. The aqueous solution mixed with alcohol becomes milky, but 
afterwards clear, and forms small needles. 


Crystals, Schlieper. 

a, 0, 


ICO 


15*42 ... 

14*22 

.... 14*22 

12 0;.. 

72-0 ... 

23*51 ... 

22*65 

.... 22*65 

4 N ........ 


18*29 ... 

19*63 

.... 17*47 

n H ........ 

11*0 ... 

3-59 ... 

... 4*09 

.... 4-09 

15 O ........ 

........ 120*0 ... 

39-19 ... 

39*41 

.... 41-57 


306*2 .... 

100*00 ..., 

100*00 

.... 100*00 


C^N^H^O® -f 4Aq. (Gm.) — Schlieper, who gives the formula, 
ltO,C N^H O +HO,C"‘N"H‘^0® + 4Aq, had not correctly calculated the quantity of 
nitrog:en. fomnd in analysis 5, an error which the author has corrected in column a (Gm.)* 
[In a subsequent communication (Ann. Pharm, 73, 225), Schlieper admits this error 
of calculation, hut at the same time corrects another error, which compensates the 
former ; he therefore adheres to his previous formula.] 
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Lantanurate of Lead, — Precipitated on adding ammonia to an 
aqn eons mixture of neutral or acid lantanurate of potasli, and neutral 
acetate of lead {vid, sap,), — White shining powder, insoluble in cold 
water and alcohol, sparingly soluble in hot water, easily in acetic acid 
and basic acetate of lead. 


Dried at 100°. 


Schlieper. 

2 PbO 

... 224 

.... 69*57 .. 

67-27 

6 C 

... 36 

... 11*18 .. 

10*28 

2N 

... 28 

.... 8*69 

7*83 

2 H 

2 

.... 0*62 

1*17 

4 0 

... 32 

.... 9*94 

13*45 

CWffPb=0« 

... 322 

.... 100-00 .. 

100*00 


[In assuming the formula C^N-H^Pb-O^, it has been supposed that the salt analyzed 
by Schlieper was not dried at 100° for a sufficiently long time. If this supposition be 
correct — and without it, the analyses of the lead*salt and the acid potash-salt cannot 
be made to agree — lantanuric acid must be regarded as a bibasic acid = 
and its potash-salt as analogous to hyperacid ox^ate of potash (p. 126) Gm.] 

The aqueous mixture of the acid potash-salt with neutral acetate of 
lead, yields on addition of alcohol^ white flakes probably consisting of an 
acid lead-salt. 

The aqueous mixture of the acid potash-salt with nitrate of silver 
forms with ammonia a thick, white, floocnlent precipitate, which is not 
altered by boiling with water, and, after drying at 100°, forms a white 
powder containing 52*93 p.c. silver (Schlieper). 


Allantiiric Acid. = raAdH^o^o^ ? 

Pelouze. (1842). N, Aun, Chim, JPhys, 6, 71; also Ann. JE^karm. 44, 
106; also J. pr. Ghem. 28, 18. 

Formation. By decomposing allantoin with nitric acid or peroxide of 
lead; by boiling it with other strong* acids or even with water; or by 
heating it per se; — also by decomposing uric acid with chlorine or nitric 
acid. 

Preparation. Allautom is dissolved in nitric acid at 100°; the solu- 
tion evaporated to dryness; the residue dissolved in a small quantity of 
water containing ammonia; the solution precipitated by alcohol; and the 
viscid precipitate redissolved in water and reprecipitated by alcohol, in 
order to extract all the urea and nitrate of ammonia. [Does not any 
ammonia remain with it ? J 

Froperties. White, slightly acid. 

According to Pelouze, the acid dried per se = according to 

Gerhardt, = No analysis is given. 

The acid deliquesces in the air- 

Its aqueous solution forms with acetate of lead and nitrate of silver, 
thick white precipitates, which dissolve in excess of the allantnric amd, 
and also of the metallic salts. The precipitate formed with nitrate of 
silver is greatly increased by addition of ammonia (Peloize). 
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Diffiuan 

SciiLiEPER. (1845). Ann, Fliarm, 50, 5. 

Dtffiuan^ from its tendency to deliquesce; therefore not Dijluan, — Produced 
together with leucoturic acid, by continued boiling of an aqueous solution 
of alloxanic acid. The liquid finally evaporated to a syrup, after frequent 
renewal of the water, deposits the leucoturic acid on addition of cold 
water; and the filtrate mixed with a large excess of absolute alcohol, 
immediately deposits the diffluan in large white flakes, which must be 
quickly collected on a filter out of contact with the air, washed with 
absolute alcohol, then with ether, and dried in vacuo over oil of vitriol. 
The alcoholic filtrate, slowly evaporated to one-half, separated from a few 
crystalline crusts of another body formed over-night, and completely 
evaporated, yields, on addition of alcohol, a large additional quantity of 
diffluan. 

Loose, white, somewhat aggregated powder, which melts at 100°, 
giving oflf alcohol and water with strong intumescence, and remains in 
the form of a transparent, brittle, vitreous gum, which admits of being 
rubbed to a white powder. Not crystallizable. Tastes sharp, bitter, and 
saline. Reddens litmus slightly. 


6 C 

36 . 

... 33*33 

Schlieper at 100®, 
32*69 

2N 

28 . 

... 25*.93 

25*70 

4 H 

4 . 

... 3*70 

3*89 

5 0 

40 . 

... 37*04 

37*72 


108 . 

... 100*00 

100*00 


Diffluauj in all its relations, appears to be identical with allanturic acid. As it 
cannot be purified by crystallization, the substance analyzed by Schlieper may have 
contained a compound which diminished the amount of oxygen (Gerhardt, ISf. J. Pharm. 
9, 233). — Diffluan probably contains 8 C instead of 6‘C, inasmuch as alloxan, which 
contains 8 C, may be prepared from it (Gm.).] 

Diffluan is decomposed with effervescence by hot nitric acid, forming 
alloxan, but neither alloxanic nor parabanic acid. It is gradually decom- 
posed by cold potash-ley, yielding free ammonia and a largo quantity of 
oxalic acid, 

Diffluan deliquesces very rapidly in the air and forma a syrup. The 
aqueous solution may be boiled without decomposing. It is precipitated 
by alcohol in white flakes. If its acid reaction is neutralized by a drop 
of ammonia, the ammonia is given off completely again on evaporation. 

Diffluan dissolved in water forms with neutral acetate of lead, a scanty 
precipitate soluble in excess of the lead-solution. The liquid separated 
from the precipitate, forms with ammonia a copious white precipitate 
which contains 71 p.c. oxide of lead; and after being washed with water, 
suspended in water, decomposed by sulphuretted hydrogen, filtered, and 
evaporated, yields a liquid from which alcohol precipitates unaltered 
diffluan, proving that this compound is not an ammoniacal salt. 

With nitrate of silver, aqueous diffluan forms a precipitate, containing 
constantly 45*5 p.c. oxide of silver, a quantity which certainly does not 
agree with the above formula of diffluan, (Schlieper). 
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7. Nitrogen-nucleuB, C^N^tP. 

Cyannric Acid, 

ScHEELE. Opuscula, 2, ITT. 

Pearson. Scher. J. 6T. 

William Henry. Tliomwn Spst de Ohim. trad, p, Eifcmlt^ 1818; 2, 
198. 

Chevallier & Lassaigne. Ann. Qhhn. JBhys. 13, 155; also J. Fharm, 
6; 58; also Schio, 29; 35T; also N. Tr. 5, 1, 174. 

Serellas. Ann. Ghim. Fhys. S8, 3T9; also W. Tr. 18; 2, 3 46. 

Wohler. Fogg. 15; 622. 

Liebig & Wohler. Fogg. 20; 369; also Mag. Fharm. 33. 13T. 

Liebig. An7i. P/iarm, 26; 121 and 145. 

Wohler. A^in. Fharm. 62; 241. 

Ojamrsatirej Brenzharyisdure, Cyanurensdnre, Acide pyro-ztriQue, Acide 
cyanuriqiie ! for a time also, Cydnsaure^ Acide cyanique. 

Discovered Idj Scheele; wlio obtained it as a sublimate by tlie dry 
distillation of uric acid; and regarded it as similar to succinic acid. 
Pearson found it to resemble benzoic acid; Fourcroy regarded it as 
slightly altered uric acid; W. Henry; as a peculiar acid; a view which 
was confirmed by subsequent investigation. — By decomposing fixed 
chloride of cyanogen with water, SerulIaS; in 1828, obtained an acid 
which he regarded as C^NHO^, and named cyanic acid; and Wohler, in 
1 829; showed that this acid was identical with pyro-uric acid, and was 
also obtained as a residue by heating urea. Subsequently, Liebig <fe 
Wohler, in 1830, discovered the true composition of the acid and many 
of its chemical relations. 

Formation. 1. By the dry distillation of uric acid (Scheele). — 2. By 
heating urea to a certain point (Wohler, VII, 366). — In the decomposi- 
tion of urea by hydrochloric acid (De Vry), or by chlorine (Wurtz).^ 

3. In the decomposition of fixed chloride of cyanogen, by water 

(Serullas): 

CWCP + 6HO = CWH306 + 3HC1. 

4. By boiling melamine with nitric acid, or cyanilic acid with oil of 
vitriol (Liebig; Fogg. 24, 583 and 603). — 5. By boiling 1 pt. of ammelide 
for six hours with 50 pts. of water and a quantity of phosphoric, sul- 
phuric, or nitric acid, about sufl&cient to dissolve the ammelide, the 
ebullition being continued till the liquid is no longer precipitated by 
ammonia, after which it will yield by evaporation, beautiful crystals of 
cyannric acid. Also by boiling 1 pt. of ammelide for an hour with 10 
pts. of dilute potash (Knapp, Ann. Fharm. 21, 245). — 6. By the action 
of aqueous hypochlorous acid on hydrocyanic acid (Balard). 

Freparation. When uric acid is subjected to dry distillation, cyanurate 
of ammonia partly sublimes, and partly passes over towards the end, 
together with the watery liquid. To free it from empyreumatic oil, 
VOL. IX. 2 G 
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Sclieele subjects it to a second distillation. — ^Pearson purifies it by sub- 
limation, or by crystallization from the liot aqueous solution. — CheYallier 
k Lassaigne dissolve the sublimate in hot water; precipitate the solution 
by subacetate of lead; wash the precipitate with boiling water, decompose 
it, diffused in water, with sulphuretted hydrogen; and evaporate the 
filtrate to the crystallizing point. They likewise dissolve the liquid 
which has passed over and subsequently solidified, in hot water (where- 
upon small quantities of hydrocyanic acid and ammonia volatilize) ; filter 
from the tarry empyroumatic oil; evaporate to the crystallizing point; 
dissolve the resulting crystals in water; digest the solution with animal 
charcoal; and treat the still yellow crystals thus obtained, with basic 
acetate of lead and sulphuretted hydrogen, as above. — The whole of the 
crystals are freed from their yellow colour by digestion with animal 
charcoal. 

2. Solid chloride of cyanogen is boiled with a large quantity of water 
in a flask provided with a long neck, the solid chloride of cyanogen which 
sublimes in the neck, being continually returned to the liquid by agita- 
tion, till the odour of chlorine of cyanogen is no longer perceptible; the 
liquid placed in a basin and evaporated nearly to dryness at a gentle 
heat, the greater part of the hydrochloric acid then escaping; the crystal- 
lized cyanuric acid washed on a filter with small quantities of cold water, 
till the water gives, with nitrate of silver, only a slight precipitate which 
dissolves in nitric acid, whereas a small quantity of ammonia increases 
the turbidity; the acid then dissolved in boiling water; and the filtrate 
evaporated to a certain point, and left to crystallize. — Cyanuric acid 
may also be^ obtained from cyanurate of baryta, by decomposing the 
aqueous solution of that salt with an exactly equivalent quantity of sul- 
phuric acid. — Or, the wash-water of solid chloride of cyanogen (p. 464) 
which contains solid chloride of cyanogen, cyanuric acid, hydrochloric 
acid, and oil of chloride of cyanogen, may be evaporated to dryness, and 
the yellowish residue freed from the yellow colouring matter, either by 
extracting the latter with warm absolute alcohol, or decomposing it by 
boiling down three times with nitric acid, after which the residue is dis- 
solved in hot water, filtered, and left to crystallize (Serullas). — 3. Urea 
is heated till it ceases to give off ammonia; the residue dissolved in 
boiling water, and the filtrate left to crystallize by cooling (Wohler, VII, 
366.) As the urea-residue may still contain ammonia and still exhibit 
colour, it must be dissolved in hot oil of vitriol; nitric acid dropped into 
the solution till all effervescence ceases and the solution is decolorized; 
and, after ^cooling, the cyanuric acid, precipitated from it by water; it is 
then obtained as a snow-white crystalline powder; — or it may bo dis- 
solved in boiling bydrochlorie acid, which will deposit the cyanuric acid 
as it cools; — or the pulverized residue may be suspended in water, and 
chlorine jessed through the liquid, whereupon the residue dissolves, form- 
ing solutions which deposit cyanuric acid in proportion as the chlorine 
escapes (Wohler Sc Liebig) . — 4. Pulverized urea is saturated with dry 
hydrochloric acid gas; the compound heated in the oil-bath, to 145®, at 
which temperature^ it begins to decompose; then taken out, whereupon 
violent decomposition takes place, and the temperature of the mass 
rises to 200 ; and the residue dissolved in hot water, which on cooling, 
deposits white cyanuric acid, whilst sal-ammoniac remains in the solution. 
If tbe toass were left in the oil-bath, the compound (VII, 369) would be 

obtained, instead of cyauuric acid.) (De Vry, Ann. Fkarm. 61, 248. — 5. Dry 
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cWorine gas passed into melted urea produces strong intumescence and 
evolution of copious white fumes, the products of the action consisting of 
nitrogen, hydrochloric acid gas, sal-ammoniac, and cyanuric acid; 

3C2NW03 + 3C1 - N + HCl + 2NtDCl + CWIPO^^. 

If the greater part of the sal-ammoniac be dissolved out of the cooled 
residue by a small quantity of cold water, the cyanuric acid remains in 
the form of a white powder, which may be purified by solution in hot 
water and crystallization (Wurtz, QonvpL rend, 24, 436). 

The crystals of the acid obtained from the aqueous solution still 
require to be freed from their water of crystallization by gentle heating 
or by sublimation, or by solution in hot oil of vitriol or hydrochloric acid, 
and cooling. 

FropertieB. White efifioresced mass, or after sublimation, delicate 
needles (Chevallier & Lassaigne; Serullas); or, when crystallized from 
solution in oil of vitriol or hydrochloric acid, obtuse square-based octo- 
hedrons (Wohler). Fuses when heated (Chov. & Lass.). Keddcns 
litmus pretty strongly (Chev. &> Lass.; Serullas). Inodorous, even in 
the state of vapour; has a somewhat acid taste (Scheele); sharp and 
bitter (Pearson); cooling and bitter (W. Henry). Given in a dose of 
two grains to a rabbit, it produces no particular effect (Serullas). 



Dried at 100®. 


Liebig & 
Wohler. 

Chev. & 
Lass. 

8 C 

36 ... 

27-01} 


f2S-29 

3 N . 

42 .... 

32*56/ " 

.... 116*84 

3 H .. 

3 .... 

2-32 .. 

.... 2*39 

... 10-00 

6 0 

48 .... 

37-21 .. 

37-11 . . 

44-32 


C6N3H3,o<5 .... 129 . .. 100-00 100-00 99*45 

According to the radical-theory, the formula is (Liebig): 2 HO, 

C^N^HO^ (Wohler). 

Fecompositio7is. 1. The vapour of the acid passed through a red-hot 
tube, is resolved into charcoal, oil, carbonate of ammonia and carburetted 
hydrogen gas (Chev. & Lassaigne). — 2. When heated alone to the 
boiling point, it is converted, without leaving a carbonaceous residue, 
into vapour of cyanic acid, each 1 At. of cyanuric acid splitting np into 
3 At. cyanic acid (Liebig & Wohler): 

eWH^O® = 3 . C2NH02. 

The volatilization takes place somewhat above 360°, and the acid when 
gently heated, sublimes without decomposition in delicate needles, whereas 
if too much heat be applied, a residue of charcoal is left (Serullas). Cheval- 
lier & Lassaigne likewise obtained a sublimate consisting of delicate needles, 
and Wohler obtained a white mealy powder, having partly a delicate 
crystalline texture, which dissolved very slowly in boiling water. All 
these sublimates doubtless consist of cyamelide, into which the volatilized 
cyanic acid has been converted (p. 462). — Cyanuric acid mixed with 
nitrate of ammonia decomposes at a mueh lower temperature than when 
heated alone (Pelouze, W. Ann, Chim, Phys, 6, 69), — 3. When heated 
in the moist state, it forms carbonic acid and ammonia, in quantity 
proportionate to the water which is present (Serullas) : 

CWH30® + 6HO = 6C02 + 3NH3. 


2 G 2 
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4. It is not decomposed hj boiling [for a short time] with nitric acid 
(Pearson, Cbev. & Lassaigne, Serullas), or with oil of vitriol (Serullas); 
but when heated for a longer time with these acids, it is resolved into 
carbonic acid and ammonia (Liebig, Ghim. org.). — 5. When fused with 
potassium, it forms cyanide of potassium and potash (Serullas). Perhaps 
in this manner: 

CWiiSOs + 6K = SCENIC + 3(KO,HO). 

Comhinatiom. ' A. With Water, — a. Hydrated Grystals, The 
acid crystallizes from its aqueous solution in prisms belonging to the 
right prismatic system (Wohler); in transparent, colourless, shining 
rhombs (Serullas). The finest crystals are obtained by evaporating the 
boiling, saturated aqueous solution to one-half at a temperature between 
60° and 80°, and leaving the liquid to cool slowly (Liebig & Wohler). 
The crystals effloresce in the air, and give off all their water of crystal- 
lization when heated (Wohler). 

Liebig & Wohler. 

129 .... 78*18 78'44 

4Aq 36 .... 21*82 21*56 

165 .... 100*00 100*00 

h. The acid dissolves in 40 pts. of cold water (Chev. & Lass.) more 
copiously in hot water (Scheele, Serullas.) 

B. With Mineral Adds. — The acid dissolves in boiling oil of vitriol, 
forming a colourless liquid, from which it is precipitated by water 
(Serullas), — It also dissolves in hot nitric acid (Chev. & Lassaigne; 
Serullas). 

C. With Salifiable Bases^ forming the Gyanurates. Cyan uric acid is 
tribasic, according to Liebig; bibasic according to Wohler. The cyanu- 
rates do not detonate when heated. Cyaniirate of potash {q. v.) is con- 
verted by heat into cyanate (Liebig &> Wohler). — Cyanurate of potash 
ignited with potassium is converted into cyanide of potassium (Serullas). 
[Perhaps with evolution of hydrogen and formation of potash]. Cyanu- 
rates which are soluble in water, are not decomposed by boiling the 
solution. The solution forms with silver-salts, a white precipitate soluble 
in nitric acid (Serullas). 

Cyanurate of Ammonia . — Sublimes in an impure state, in the dry 
distillation of uric acid, forming tufts of needles which redden litmus and 
have a slightly bitter taste (Chev. & Lassaigne). This sublimate is 
regarded by Kodweiss {Bogg. 19, 11) as cyanurate of urea. — The 
aqueous solution neutralized with ammonia while warm, yields on cooling 
white, shining prisms, which effloresce in the air, with loss of ammonia, 
and likewise give up ammonia to cold water (Berzelius, Lehrl.), 

Cyanurate of Potash, a. Bipotassic. — C^N^HK^O®. — Precipitated 
in white four-sided tables and needles, on mixing aqueous cyanuric acid 
with excess of alcoholic potash (Liebig & Wohler, Pogg. 20, 877). — A 
solution of 1 pt. ammelide in 10 pts. dilute potash boiled for an hour and 
cooled, yields tbe salt in delicate silky needles, wliich thicken the liquid 
(Knapp, Ann. Pharm. 21, 245). The salt heated alone is resolved, with 
strong ebullition, into cyanic acid wiiicli volatilizes, and is afterwards com 
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verted into cyamclide and 77*85 p.c. cyanate of potasii (Liebig, Ann, 
Pharm, 26, 121). Calculation gives 79*06 i:)er cent: 

C«N*'*HK206 = 2C2NK02 + C^NHOb 

The aqueous solution deposits by evaporation the following salt 6, while 
free potash remains in the mother-liquor (Liebig k Wohler): 

CWHK206 + HO = + KO. 


Acetic acid added to the aqueous solution throws down the crystalline salt 
5 (Liebig) : so likewise does a small quantity of nitric acid; but a larger 
quantity throws down pure cyanuric acid (Knapp). 



Crystallized^ 


Or: 



Liebig. 

6 C . 

36-0 

17-52 

C«N303 

102-0 .. 

. 49-66 


3 N . 

42*0 .. 

20'45 

HO 

9-0 .. 

. 4-38 . 

... 5*02 

H ... 

1-0 ... 

0-49 

2 KO 

94-0 .. 

. 43-96 . 

... 45*65 

2 K ... 

78-4 ... 

38-ir 





6 O .... 

48*0 ... 

23-37 





CWHK=0® 205-4 ... 

. 100-00 

2KO,HO,CW03 205-4 .. 

.. 100-00 



h. Monopotassic. — 1 . Obtained in shining white cubes 

by dissolving cyanuric acid in aqueous potash and evaporating, even if 
the solution contains excess of potash (Liebig & Wohler). — 2. Campbell 
{Ann, PJiavm, 28, 5?) treats ferrocyanide of potassium, roasted in the 
manner which he recommends for the preparation of cyanate of potash 
(VIII, 66), with a small quantity of water, mixes the cold filtrate con- 
taining cyanate of potash with hydrochloric acid, and purifies the cyanu- 
rate of potash thereby precipitated by recrystallization from hot water. 
— The crystals when fused, are resolved, without blackening, into 
cyanic acid vapour which condenses as cyamelide, and cyanate of potash 
(Liebig & Wohler): 

CWH2K06 = C2NK02 + 2C2NH02. 

Liebig obtained by this decomposition 48 p. c. cyanate of potash; calcu- 
lation requires 48*5G per cent. — The salt when ignited with hydrate of 
potash is converted into 3 At. cyanate of potash (Liebig): 

C6N3H-206 + 2(KO,HO) = + 4HO. 

It dissolves in water less easily than a\ 


Or : Liebig. 


6 C 

36-0 .. 

. 21-53 

eWQs 

102*0 .. 

. 61*01 


3N 

42*0 .. 

. 25*12 

2 HO 

18*0 .. 

. 10*76 


2 11 

2*0 .. 

. 1-20 

KO 

47*2 .. 

. 28*23 .. 

.. 27-72 

K 

39*2 .. 

. 23*44 





6 O 

48*0 .. 

. 28*71 






167*2 

.. 100*00 

KO,2HO,C'N303 

167*2 . 

.. 100*00 



Gyanurate of Soda, — Uncrystallizable, readily soluble in water 
(Chev. & Lassaigne). 

Cyanurote of Baryta, — a, Bibarytic, — Precipitated 

in the crystalline form from a boiling aqueous mixture of cyanuric acid 
and chloride of barium, on addition of ammonia, or from a mixture of 
aqueous cyanuric acid and excess of baryta- water; there is however con- 
siderable difficulty in separating it from the monobarytic salt 5, and from 
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carbonate of baryta The crystalline powder Logins to give off water at 
200°j and at 250°, the loss amounts to 6*45 per centj at a higher temperature 
it gives off ammonia^ then cyanic acid, and ultimately fuses, and is con- 
verted into the salt h. The baryta in the crystals amounts to 53 T9 per 
cent (Wohler). — - Chevallier & Lassaigne obtained the salt in the form 
of a powder sparingly soluble in water. 

h. Monoharytio, C^N®H^Ba,0®. — Cyanurate of ammonia does not precipitate 
baryta-water (Cbev. & Lassaigne); cyanuric acid forms no precipitate with hydrochloratc 
or acetate of baryta (Wohler). — Baryta-water is dropt into a boiling solution 
of cyanuric acid, as long as the resulting precipitate redissolves and the 
still acid liquid exhibits turbidity from separation of a powder; the liquid 
then kept for an hour at 60^, so that no free cyanuric acid may be depo- 
sited; then thrown while still hot upon a filter, and thoroughly washed. 
Short transparent needles, containing 35*44 p.c. baryta. Their water 
begins to escape at 200°, and is entirely given ofi' at 280°, amounting to 
8.45 per cent. At a higher temperature, the crystals, which have 
become milky, are decomposed (Wohler). 


a. Biharytlc. 

G G 

3N 

4 H 

2 Ba 

90 

Crystals at 100°. 

36-0 .... 12*36 

42*0 .... 14*42 

4*0 .... 1*37 ... 

, 137*2 .... 47*12 ... 

72*0 .. . 24*73 

W6hler. 

1-52 

47-63 

CWHBa206-h3Aq ... 

. 291-2 . 

... 100-00 


h, Monobarytic. 

Crystals 100®. 

Wohler. 

6C 

... 36-0 . 

... 16*78 


3 N 

... 42*0 . 

... 19*57 


4 H 

... 4-0 . 

... 1*86 


B.a 

... 68*6 . 

... 31-97 

31-75 

8 0 

. 61*0 . 

.. 29*82 


C«N3H2BaO*5 + 2Aq , 

... 214-6 . 

... 100*00 



The salt a burnt with oxide of copper yields 13-71 p. c. (4 At.) water; when heated 
alone to 250®, it gives off only 6*45 (2 At.); hence one atom of the water of crystalliza- 
tion cannot he driven off by heat (Wohler). 

Gyanurate of Lime, — Crystallizes in nodules; has a sharp and bitter 
taste; fuses at a gentle beat; and solidifies on cooling, in a mass resem- 
bling yellow wax in consistence and colour. Contains 8*6 per cent of 
lime. Dissolves readily in water (Chevallier & Lassaigne). 

Cyanurate of Lead. — C®N®HPb^O'^ -f PbO b 2 Aq. The potash-salt 
precipitates basic but not neutral acetate of lead. Tlie precipitate contains 71-5 p.c, 
oxide of lead (Chev, & Lassaigne). Cyanuric acid does not precipitate sugar of lead 
mixed with acetic acid (Wohler). 1. Basic acetate of lead is dropped into a 
solution of cyanuric acid saturated at a boiling heat, the acid being in 
excess. — ^2. A boiling aqueous solution of cyanuric acid is added in 
excess to^ an aqueous solution of neutral acetate of lead. — 3. Neutral 
acetate of lead is precipitated by cyanurate of ammonia. — 4. Becently 
precipitated carbonate of lead is added to boiling aqueous cyanuric acid, 
which must be in excess. — Heavy crystalline precipitate, wbich, when 
examined by the microscope, is found to consist of transparent prisms 
with oblique terminal faces, and often united in hemitropic or fern-like 
groups. In the mass it has a yellowish colour. — At 100°, it begins to 
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give off water, and at 250^, the loss amonnts to 1’94 p.c. (1 At.). The 
second atom of water does not go off till the salt is heated to a tempera- 
ture at wliichi it is decomposed, with evolution of a large quantity of 
ammonia. When burnt with oxide of copper, it yields 5*63 p.c. (3 At.) 
water. Heated to redness in a current of hydrogen, it gives off a large 
quantity of hydrocyanate of ammonia and urea, and leaves pure melted 
lead (Wohler). It does not appear possible to form a cyanurate of lead with less 
than 3 At. lead. 



Crystals dried at 100®. 


Wbhler. 

3 PbO . 

336 .... 

72-26 .. 

72-47 

6 C .... 

36 .... 

7-74 .. 

7-99 

3N 

42 .... 

9-03 


3 H 

3 .... 

0-64 ... 

0-62 

6 0 .... 

48 .... 

10-33 



Pb0,C6N3HPb20« + 2Aq 465 .... 100-00 

Bipotassic cyanurate forms a brownish yellow precipitate with ferric salts, — 
bluish white with cupric salts ; — from mercurous or mercuric nitrate, it throws down 
white flakes soluble in nitric acid (Chev. & Lassaigne). 

Owpric Cyanurate. — A definite salt appears difficult to obtain. 

a. Eecently precipitated cupric hydrate added by small portions to 
hot aqueous cyanuric acid till the liquid is saturated, forms a clear solu- 
tion, and, on cooling, soon yields a bluish green crystalline precipitate, 
which assumes a fine blue colour at 100% and at 250*^ gives off 9 p.c. 
water, and changes to pure green just like chromic oxide; from the 
results of analysis, it appears to be a mixed basic salt with more than 
3 At. cupric oxide. — 6. Crystallized cyanurate of ammonia dissolved in 
water forms with cupric sulphate a greenish blue amorphous precipitate, 
which, when heated, becomes crystalline, and assumes, first, a blue, then 
a green colour; it is free from ammonia, but contains sulphuric acid as an 
essential constituent. The liquid filtered from this precipitate, deposits 
crystallized cyanuric acid. — c. When aqueous solutions of cyanuric acid 
and cupric acetate saturated while hot, are boiled together for some time, 
a green precipitate is formed containing acetic acid in combination 
(Wohler). 

Bicupric Cyanurate with Ammonia. — A solution of cyanuric acid in 
very dilute ammonia, mixed while hot with a solution of cupric sulphate 
in very dilute ammonia, deposits on cooling, crystals which may be 
washed with water, inasmuch as they dissolve in it hut sparingly. Small 
amethyst-coloured crystals, which, when examined by the microscope 
appear to be four-sided prisms, with two broader lateral faces, and 
bevelled with two faces. — The salt is permanent in the air, begins to 
give off ammonia at 100°, and at 230° assumes a dark olive-green colour, 
with loss of 14 “85 per cent. At a still higher temperature, it suddenly 
becomes yellow, then takes fire, and glimmers away till it is converted 
into cupric oxide. It is free from sulphuric acid. Nearly insoluble in 
ammonia (Wohler). 



Dried at lOO'^ 


Wohler. 


Heated to 230 

o 

Wohler. 

6 C . 

36 .... 
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4 N. 

56 .... 

26*92 


9 H . 
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... 3-94 

4 H. 

4 .. . 

1-93 


2 Cu 

.... 64 .... 
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2 Cu 

.... 64 .... 
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.... 30*87 

8 0 . 


26-34 


6 0. 

... . 48 .... 

23-07 



243 .... 

100-00 



208 .... 
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[The salt at 30° is probably = 2NH3,CWHCii-OS + 2Aq. Wohler supposes it 
to contain 1 At. water more (which however does not agree so well with his analysis), 
and writes : 2NH^+ 2CuO,CWHO‘^ + 3Aq. He found in it 32*85 p.c. cupric oxide 
and 13*28 ammonia; calculation (213 ; .34) gives for the latter 13*99 per cent. 

The salt heated to 230° is probably = NIH^C^N^HCu^O®. Wohler supposes it to 
contain another atom of water (w'hich however is less accordant with the analysis), and 
writes : 2Ca0;,NH-^0,C'5N''^H0‘h He found it to contain 38*59 p.c. cupric oxide.] 

Ifj in the preparation of the salt just described, a large excess of 
ammonia be avoided, and the two liquids be mixed boiling hot, a peach- 
blossom*coloured powder is precipitated, containing cupric but not 
cuprous oxide. Its azure-blue solution in concentrated ammonia imme- 
diately deposits crystals of a deep smalt-blue colour, which, when 
exposed to the air, give off ammonia, and soon recover their peach- 
blossom colour. 

Cyamirate of Silver. — a. With Z At Silver. — When nitrate of silver 
is precipitated by cyanuric acid which is supersaturated with ammonia, 
and the copious pulverulent precipitate boiled for a quarter of an hour 
with the supernatant liquid, a precipitate of constant composition is 
obtained. This precipitate, after being washed with boiling water and 
dried, is snow-white; does not blacken by exposure to light; and may bo 
heated to 300° without decomposition, merely giving off a small quantity 
of ammonia, in case it has not been washed with boiling water. After 
drying, it rapidly absorbs moisture from the air (Liebig, Ann. Fharm, 
26, 1 23). The precipitate, when examined by the microscope, appears 
uniform and composed of very small prisims; even after washing with 
boiling water, it gives off ammonia, not only when acted upon by potash, 
hut likewise when heated alone; from 100° to 300°, the loss of ammonia 
amounts to 2*9 per cent; the pale violet residue, when more strongly 
heated, decomposes with a hissing noise, leaving a residue of silver. The 
precipitate, before being heated, is perhaps a compound of the terargentic 
silver-salt with ammonia, part of which is given off below 100^, and the 
greater portion 2*9 (p.c.) between 100° and 300° (Wohler). 



300°. 


Liebig, 

Wobbler. 

6 C 

36 

.... 7*84 ... 

8-08 ... 

8*40 

3N 

42 

.... 9*15 



H 

1 

.... 0*22 ... 

0*10 ... 

0*13 

3 Ag 

324 

.... 70*59 ... 

71-09 ... 

..... 70*38 

7 0 

5C 

. .. 12-20 




AgO,C6N3HAg206 459 .... 100*00 


Woliler, and more especially Liebig, obtained less H tlian the formula requires ; 
but Wohler suggests, that at 300°, the acid of the salt undergoes a partial decom- 
position, which is indeed indicated by the violet colouring produced at that temperature. 
[It would be desirable on this account to ascertain whether, from the salt dried at 
300°, the whole of the acid can be recovered in its unaltered state. If this were the 
case, we should have further to assume, that at a sufficiently high temperature, all tlie 
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suppose, that in an acid, such atoms of hydrogen as are not generally replaceable by 
metals, nevertheless do give place to a metal when the acid is acted upon at high tem- 
peratures by an excess of a metallic oxide the oxygen of which is loosely combined. 

h. With 2 At, Silver. C®N®HAg''0®. — Free cyanuric acid does not preci- 
pitate nitrate of silver. — 1- Recently precipitated carbonate of silver is 
added to the boiling aqueous acid, in such proportion^ that part of the 



CYANURATE OF SILVER. 


457 


acid remains in tlie water in tlie free state above the salt wliicli has been 
formed (Wdliler). — 2. Nitrate of silver is precipitated bj cjanuric 
acid exactly saturated with ammonia. The liquid above the thick white 
curdy precipitate reddens litmus (Liebig k Wohler). The solution of 
cyanurate of ammonia must be added by drops to that of the nitrate of 
silver, which must remain in excess. — 3. A boiling aqueous mixture of 
cyanuric acid and acetate of soda is dropped into a boiling dilute solution 
of nitrate of silver, which must remain in excess, to prevent admixture 
of the insoluble cyanurate of silver and sodium (Wohler). — 4. A solu- 
tion of cyanuric acid is mixed hot with a solution of acetate of silver, 
which should contain excess of acetic acid. This is the surest method of 
obtaining a pure salt (Wohler). — Odourless crystalline powder which, 
under the microscope, appears to consist of transparent rhombohedrons. 
It is not blackened by light. Does not lose weight at 200°; above 200*^, 
it assumes a light cinnamon colour, but loses not more than a few 
thousandths of its weight. At a higher temperature, it emits a strong 
odour of cyanic acid, assumes a dark violet colour, and is finally decom- 
posed with a glimmei’ing light, leaving metallic silver. Dissolves in 
nitric acid, with liberation of cyanuric acid. Insoluble in water and in 
acetic acid. 



Dried beiiaeen 100° and 200 

o 

Wohler. 
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10*62 
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N 
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0*34 
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Ag 

216 .... 
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62*58 
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O 
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eWHAg-QS 343 .... 100*00 

The salt prepared by (1), perhaps not so thoroughly dried, was formerly found by 
Liebig & Wohler to contain 6*0 per cent, of silver. — The salt dried at 290° contains 
63*54 p.c. silver (Wohler). 

Cyanurate of Silver with Ammonia. — The last- described salt digested 
with strong ammonia, takes up ammonia, whereby it is altered in appear- 
ance, but does not dissolve. The compound begins at 60° to give off its 
ammonia, which escapes completely between 200^ and 300° (Wohler). 


6 C 

Dried < 2 # 20°. 

.... 9*55 

Wohler. 

5 N 

70 

.... 18*57 


7H 


.... 1*86 


2 Ag 

216 

.... 57*29 ..., 

57*05 

60 

48 

... 12*73 



2NH3,CWHAg"OG 377 ... 100*00 


Cyanurate of Silver and Ammonium. — The liquid filtered at a boil- 
ing beat from the precipitate of terargentic cyanurate (p. 456), deposits on 
cooling a powder which after washing must be dried without heat. The 
same salt is obtained on mixing the hot solutions of cyanurate of 
ammonia and nitrate of silver, and boiling the precipitate with the 
liquid. The white powder, when examined by the microscope, appears 
to consist of long delicate needles. It gives off ammonia when treated 
with potash; also when merely heated, at a temperature below 100°. 
After being heated for two hours to 250°, it loses 7 per cent, but never- 
theless remains white. At a higher temperature, it fumes strongly, 
assumes a violet colour, and finally leaves metallic silver amounting to 
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53*33 per cent of tlae salt previously lieatod to 250°, and tliereforo 49*40 
per cent of the cold-dried salt (Wohler). According to Wohler’s sup- 
position, the cold-dried salt = 3NH^0,C®N^H0‘^ -h 3AgO,C®N®HO^,* the 
salt by being heated to 250°, loses therefore 2NI-P -|- HO, and is then 
= NH^O,HO,CWHO^ + 3AgO,CWHOi — Laurent (A-. An7i. Chim. 
JBliys. 23, 114), gives different formuliB for these compounds of ammonia, 
silver-oxide and cyanuric acid. 

Cyanm'aie of Silver mid Potassium. — Biai’gentic cyanurate is not 
decomposed by boiling with potash, but takes up a portion of the potash. 
The compound fuses, with decomposition and ebullition, and leaves a mix- 
ture of carbonate and cyanate of potash, together with nearly 60p.c. silver 
(Wohler). If this compound consisted of 1 At, biargentic cyanurate with 1 At. 
potash, it should have yielded 55 p.c. silver ; it probably contained a portion of unde- 
composed biargentic cyanurate (Wohler). 

Cyanurate of Silver and Lead. — When terplunihic cyanurate is 
boiled with a large excess of nitrate of silver, till its appearance is quite 
changed, a filtrate is obtained containing a large proportion of lead; and 
on the filter there remains a salt in which 2 At. lead arc replaced by 
2 At. silver = PbO,C®NHIAg-0® -h Aq. After drying at 100”, it yields, 
when reduced by hydrogen, 69*64 p.c. of an alloy consisting of 45*94 
silver and 23*70 lead (Wohler). 

Cyanurate of U^^ea? — By dissolving cyanuric acid in a boiling satu- 
rated solution of urea, and cooling the liquid, delicate needles are obtained 
(Kodweiss, Fogg. 19, 11). 

Cyanuric acid is insoluble in alcohol (Serullas). It dissolves in boil- 
ing alcohol of 36° Bm. and is deposited in small granules as the liquid 
cools (Chevallier So Lassaigne). 


Conjugated Gompotends of Gyanu^dc Acid ? 

Cyanurate of Methyl 

WuRTZ (1848), Go7npt. rend. 26, 369; also J. pr. Glmn. 45, 316: — 
More fully, W, Ann. Chun. Fhys. 42, 62. 

Sublimes when sulphomethylate of potash is distilled in the oil-hath 
with bipotassic cyanurate of potash or with cyanate of potash, and is 
purified by crystallization from alcohol. 

Small colourless prisms, which melt at 175° to 178° and boil at 274°. 
Vapour-density = 5*98 (Wurtz). — The boiling-point of this coiupound aj^pcars 
therefore to be higher than that of cyanurate of ethyl (Gerhartlt, N. /, Pharm. 13, 450). 



% Calculation. 


Wurtz (mean). 
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.... 42*12 
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3 .. 

... 3-3279 

3(?HJiO,C«N3o3 171 .... 

100*00 

.... 100-00 


2 

11-8552 






1 

5*9276 


Cyanurate of methyl distilled with aqueous potash yields methyl- 
amine and carbonate of potash (Wurtz, Ann. Fkarm. 71, 332; Chem. 
Soc. Qu. J. By 92): 

+ 6(KO,HO) == 6(KO,CO-) + 3C^H^N f 
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Cyanurate of Etliyl. 

Wtjbtz (1848). Oompt. rend, 26, 368; also J. pr. Chem. 45, 316; 

Ann. Fharm. 71, 326; Ohem. ^oc. Qii. J. 3, 90. More fully: N. Ann, 

Chim. Fhys. 42, 57* 

Vinic or Ethylic Cyanurate^ Cyamiric Ether. 

A mixture of sulphovinate and bipotassic cyanurate of potasb is dis- 
tilled in the oil-bath, and the sublimate which collects in the neck of the 
retort and in the receiver, purified by crystallization from hot alcohol. — 
If cyanate of potash be used instead of cyanurate, a very irritating fluid 
mixture of cyanuric and cyanic ether distils over ; and on distilling 
this mixture at a gentle heat, the cyanic ether, which boils at 60°, 
passes over, while the cyanuric ether remains and may be purified by 
crystallization from alcohol. 

Shining prisms, which melt at 05°, to a colourless liquid heavier than 
water, and boiling at 253°, without a trace of decomposition. Vapour- 
density =7 '4. 



^ Calculation. 


Wurtz (jnean). 
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14*7670 






1 

7*3835 


Cyanuric ether continuously boiled with aqueous potash gives off 
ethylamine and leaves carbonate of potash (Wurtz, Ann, Fharm, 71. 
328): 

30H50,CW03 + 6(K:0,H0) = 6(K0,C03) + % 

From the analyses of these two cyanuric ethers, Wurtz regards it as 
proved that cyanuric acid is not bibasic but tribasic. It still, however, 
remains to be ascertained by the study of various reactions, whether, in 
the formation of these two compounds, changes do not take place, similar 
to those which occur in the formation of allophanic ether from alcohol 
and cyanic acid, and whether cyanuric acid and wood-spirit or alcohol can 
be recovered from them. 

IT This question has been taken up by Limpricht (Ann. Fharm. 
74, 208), who maintains that Wiirtz’s cyaniiric ether cannot contain 
either cyanuric acid or oxide of ethyl, inasmuch as it is resolved by 
potash, not into cyanuric acid and alcohol, in the manner of other 
compound ethers, but into carbonic acid and ethylamine. He finds that 
this decomposition is preceded by the formation of another body contain- 
ing The reaction is best observed by using baryta instead of 

potash. When cyanuric ether is boiled with baryta- water, it takes up 
4 At. water, and gives up 3 At carbonic acid to the baryta; and on 
removing the baryta and evaporating, there remains a turpentine-like 
body having the composition just mentioned. This liquid heated to 
170°, partly distils without alteration, and is partly resolved (more quickly 
at 200°) into ethylamine and another less volatile compound, 

C15N3H1S03 = C^H^N + CiWHWOs 

The last-mentioned compound is solid at ordinary temperatures; exhibits 
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neither acid nor alkaline reaction; melts at 106°; sublimes at about 250°; 
and when boiled with potash, is resolved into carbonic acid and ethyl- 
amine: 

Cnj^2Hii03 + 3H0 == 3C02 + 

Liinpricht has also obtained another compound, = 

2C*H®0,H0,C®N®0®?, differing from Wurtz’s cyanuric ether by or 
by containing 1 At. H in place of 1 At. C^H®. This compound is 
obtained in the preparation of Wurtz’s ether, passing over in fact, appa- 
rently in combination with methylamine, towards the end of the operation, 
when the heat becomes strong ; in this state of combination, it is not 
crystallizable, and therefore remains in the mother-liquor of Wurtz’s ether. 
It is decomposed by boiling with baryta-water, with evolution of methyl- 
amine; and on removing the baryta by means of sulphuric acid, the 
compound crystallizes out in beautiful six-sided prisms with 

tetrahedral summits. This compound melts at 173°, and at a higher 
temperature sublimes without decomposition. It dissolves with tolerable 
facility in hot water, alcohol, and ether, and crystallizes from the ethereal 
solution in obtuse rhombohedrons. The aqueous solution has an acid 
reaction. The compound does not increase in weight by immersion, 
either in dry animoniacal gas or in hydrochloric acid. It dissolves 
readily in ammonia, potash and baryta-water, crystallizing out again 
unaltered. The hot ammoniacal solution mixed with niti’ato of silver 
deposits needle-shaped crystals of the compound AgOjC^'^N^H^^O®; it is 
also precipitated by lead, copper and mercurous salts. The lead-com- 
pound heated with sulphovinate of potash yields Wurtz’s cyanuric ether. 
The compound fused with hydrate of potash gives off etliyl- 

amine. Like Wurtz’s ether it cannot be decomposed into cyanuric acid 
and alcohol (Limpricht). 

Gerhardt (Coonpt. memiieh^ 1850, 309) remarks that Limpricht’s first 
compound may be neutral carbonate of ethylamine minus 

water, that is to say, etliplamme'Urea = For the second of 

the above compounds, Gerhardt suggests as more probable 

the formula C®NH®0^ [which would make it isomeric with cyanic ether]; 
it would then be produced from the former simply by abstraction of 
ethylamine; = C^^FFN -h The third compound, 

Gerhardt regards as an ctliylocyanurio acid, intermediate 
between Wurtz’s cyanuric ether and the true but not yet discovered 
ethylocyanuric or cyanurovinic acid: thus: 

CWtPO® + - 2HO = (Unknown), 

+ 2C^H«02 ~ 4H0 = (Limpridit). 

+ 3C-iH«02 - eilO - (Wurtz). 

The non-reproduction of cyanuric acid or alcohol from cyanuric ether by 
the action of alkalis is regarded by Gerhardt as affording no argument 
against the terbasic character of cyanuric acid; since, on similar grounds, 
we might refuse to consider hydrocyanic ether as an ethyl-compound, 
seeing that it is resolved by alkalis into ammonia and propionic acid. 

Wurtz likewise observes that tribasic cyanuric ether is not the only 
solid product obtained by the action of cyanate of potash on the sulpho- 
vinate, compounds being sometimes formed differing therefrom in pro- 
perties and composition. He did not however obtain these products in 
sufficient quantity to enable him to decide on their composition, or to 
study the conditions of their formation. 
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Tribasic cyanuric etber dissolves readily in alcobol, especially in strong 
alcoboL Water added to the alcoholic solution throws down cyanuric 
ether in the crystalline form; nevertheless it is soluble in water to a 
certain extent, especially when boiled therewith (Wurtz) IF. 

Gmvpound^ metameric with Oyanuno acid, 

1. Cyanylic Acid. 

Liebig- (1834). Pogg. 84, 599; also Ann, Pliarm. 10, 32. 

Melloneis dissolved in boiling nitric acid, either dilute or concentrated; 
the solution left to cool till it crystallizes; the crystals freed from nitric 
acid by cold water; and then recrystallized from hot water. Cyanuric 
acid is often mixed with the product, but always crystallizes out first, 

The acid crystallizes in combination with water, in long, transparent, 
colourless, rhombic prisms, or in broad laminm having a pearly lustre. 
Fig. 54. u : u ^ 95° 36' and 84° 24^; i : i backwards = 83^ 24'. 

The crystals effloresce when exposed to the air. 

The acid, like cyanuric acid, volatilizes in the form of cyanic acid, 
when heated. — By solution in oil of vitriol, and precipitation therefrom 
by water, it is converted into cyanuric acid, and no longer exhibits the 
pearly lustre above mentioned, after crystallization from water. 

It dissolves in Water somewhat more readily then cyanuric acid ; and 
the hot-saturated aqueous solution solidifies almost wholly in a laminated 
mass on cooling. 

All the Cyanylates, e. g., those of the six fixed alkalis, are completely 
decomposed by the stronger acids, so that as the liquid cools, the cyanylic 
acid crystallizes out in the free state. 

Cyanylic acid neutralized witth ammonia, forms with nitrate of silver 
a white, tumefied precipitate, which, after drying, is pulverulent, amor- 
phous, and contains 45-36 per cent, of silver; but the precipitate obtained 
with cyanylate of potash has the composition of cyanurate of silver, 
probably because the potash converts the cyanylic acid into cyanuric 
(Liebig). 
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Silver-salt prepared with Cyanylate of Ammonia. 

Liebig. 
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2. Cyamelide, C«N5HS0®=C®N=H®0*,0*? 

Liebkj. Mag. Pliarm. 2.9, 228. — Fogg. 15, 561. 

Liebig & Wohleb. Pogg. 20, 384. 

Insolulle Cyammc acid, Hypocyanic acid, — Discovered by Liebig in 1830. 

Formed spontaneously from cyanic acid (p. 63). — Cyamelide is 
produced, not only wlieii pure anhydrous or concentrated cyanic acid is 
left to itself; but likewise in a mixture of cyanates with concentrated 
acids, e. g. when cyanate of potash is triturated wdth fuming nitric or 
sulphuric acid, with crystallized oxalic or tartaric acid, or with concen- 
trated acetic or hydrochloric acid. Thus, equal parts of cyanate of potash 
and crystallized oxalic acid triturated together, form a mixture which, 
when gently heated, gives off the odour of cyanic acid, becomes pasty, 
and then immediately solidifies to a mixture of cyamelide and oxalate of 
potash, which latter may be dissolved out from the cyamelide by boiling 
water. 

White, solid, amorphous, inodorous. 

Cyamelide, when somewhat strongly heated, is reconverted into 
cyanic acid and volatilizes. — Heated with oil of vitriol, it effervesces and 
is completely decomposed into carbonic acid and sulphate of ammonia : 

+ 6HO = 6C02 + snh^. 

It is not decomposed by boiling with hydrochloric, nitric, or nitro-hydro- 
chloric acid. — It dissolves in potash with tolerable facility, and without 
evolution of ammonia; and the solution when evaporated (whereupon 
carbonate of ammonia is evolved, a proof that cyanate of potash has like- 
wise been formed) yields cyanurate of potash. Cyanuric acid may 
therefore be converted by heat into cyanic acid; and this acid changes 
spontaneously into cyamelide, which with potash reproduces cyanuric acid. 

Cyamelide dissolves in Ammonia, — It does not dissolve in Water 
either cold or hot; but when boiled with water for some time, it is con- 
verted into a hydrate, which dissolves in small ^quantity, and separates 
again in white flakes on cooling. These flakes give up their water when 
exposed to a high temperature (Liebig; Liebig k Wohler), 


Nitrogm-nucleus. C®N®Br^? 

Solid Bromide of Cyanogen ? 

1 pt. of anhydrous hydrocyanic acid forms with 3 pts, of bromine, a 
solid compound having the odour of mice, probably therefore correspond- 
ing to solid chloride of cyanogen (Serullas, Ann, Ghim. Tliys, 38, 374; 
also Pogg, 14, 446). 
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e. Nitrogen-micleiis, C®N®CPH. 

Chlorliydride of Cyanogen. CWCPH. 

WuRTZ (1847). Compt, rend, 24^ 437. 

ChloThijdrocyany ChloroJiydrure de Cyanog^nej [Prusselc.'] 

Concentrated hydrocyanic acid through which chlorine is passed, 
becomes heated after a while, acquires the odour of volatile chloride of 
cyanogen, and gives off the vapour of chlorohydride of cyanogen. If 
therefore the hydrocyanic acid be contained in a tubulated retort, through 
the tiibulure of which chlorine gas is passed, and the neck of the retort 
be connected with a chloride of calcium tube, and then with a knee- 
shaped tube leading downwards into a longmecked flask surrounded 
with ice, the chlorhydride of cyanogen condenses in the flask, and 
may be freed from admixed hydrochloric and hydrocyanic acid, by 
agitating it with two or three times its bulk of cold water; it is then 
decanted from the water, and rectified in such a manner that the vapour 
may be compelled to pass through a tube containing chloride of calcium. 

Transparent, colourless liquid, lighter than water; boils at 20°. The 
vapour has a powerful odour, irritates the bronchial tubes strongly, and 
excites a copious flow of tears. 

The vapour burns with a violet flame. — Dry chlorine gas converts 
the compound completely into solid chloride of cyanogen: 

C^NSHCN i- 2C1 == CWCP + HCl. 

When therefore a few grammes of the liquid are introduced into a bottle 
filled with chlorine gas, the sides of the bottle become covered with 
radiating needles, and the viscid liquid at the bottom is ultimately con- 
verted into large crystals of solid chloride of cyanogen. — Chlorhydride 
of cyanogen is decomposed by mercuric oxide, with violent evolution of 
heat, into liquid chloride of cyanogen (p. 465), cyanide of mercury, and 
water: 

C^N^HCP + HgO = ChVCP + C-NHg- + HO. 

It may therefore be regarded as a compound of liquid chloride of cyano- 
gen with hydrocyanic acid = C^NH,C‘^N^CP =: 2CyCl,HCy {Comp. Vlli, 
144, where the analysis is given.) 

The liquid dissolves perceptibly in water, forming a solution which 
gives a white precipitate with nitrate of silver (Wurtz). 


f . NUrogen-nucleus, C^N^CP. 

Solid Chloride of Cyanogen. 

Sebtjllas. Ann. Ohim, Fhys. 35, 291 and 337; abstr. Fogg. 11, 87. — 
Ann. Chim, Fkys, 38, 370 ; also Fogg, 14, 443; also if. Tr. 18, 
2, 131. 

Liebig <& Wohler. Fogg, 20, 369; also Mag, Fkarm- S3, 137. 

Liebig, Fogg, 34; 604. 
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Fixed chloride of Cyanogen^ fixes Chlorcyan, festes Chhrcyan^ Chlorure de 
Cyanogene solide^ Ferchlontre de Cyanog^ne. [Pmssik.] — Discovered by Serullas in 
1827, and regarded as bichloride of cyanogen, till its true composition was pointed out 
by Liebig. 

Formation, — 1. Gaseous chloride of cyanogen changes spontaneously 
into the solid compound (Liebig). — Solid chloride of cyanogen is formed 
by the action of excess of chlorine in sunshine on anhydrous hydrocyanic 
acid, or on slightly moistened cyanide of mercury, which however yields 
other products at the same time (Serullas) : 

3C2NH + 6C1 = CWCP + 3HCL 

If the quantity of hydrocyanic acid be twice or thrice as great as the 
chlorine is able to decompose, a viscid yellow liquid is produced; and with 
still moi'e hydrocyanic acid, a hyacinth-coloured, nearly solid mass which 
when exposed to the open air, gives off hydrocyanic acid with a kind of 
ebullition till nothing is left but white solid chloride of cyanogen. 
By the admission of a larger quantity of chlorine gas also, the viscid 
liquid is completely converted into solid chloride of cyanogen (Seruh 
las). — 3. When heated sulphocyanide of potassium is decomposed by 
dry chlorine gas, solid chloride of cyanogen, amounting to 4 or 5 per 
cent, passes over together with chloride of sulphur, aud sublimes in 
needles (Liebig). 

Freparation, 1. A bottle of 1 litre capacity is filled with diy chlorine 
gas; 0-82 grm. of hydrocyanic acid prepared by Gay-Lussac’s method^ 
introduced into it; and the closed bottle exposed to the sun for 1 to 3 
days, whereupon the hydrocyanic acid evaporates, the chlorine gas is 
decolorized, and a transparent colourless liquid formed, which runs down 
the sides of the vessel, and soon solidifies in white crystals of solid 
chloride of cyanogen. The hydrochloric acid gas, together with any 
volatile chloride of cyanogen that may be present, is then blown out of 
the bottle with a pair of bellows; a small quantity of water and a few 
pieces of glass introduced, in order to detach the crystallized solid chloride 
of cyanogen from the sides of the vessel by agitation; the whole poured 
into a basin; the pieces of glass taken out; the solid chloride of cyanogen 
comminuted with a glass rod; repeatedly washed on a filter with a small 
quantity of cold water, till the liquid which runs away no longer forms a 
cloud with nitrate of silver (this wash-water, which contains hydrochloric 
acid, cyan uric acid, and a small quantity of chlorocyanic oil, may be 
used for the preparation of cyanuric acid, p. 450); the solid chloride of 
cyanogen pressed between bibulous paper, till it is converted into a dry 
white powder; and this powder purified by one or two distillations from 
a small retort, whence it passes, in the form of a transparent colourless 
liquid, into a receiver cooled with wet linen, and there solidifies. 

2. When dry cyanogen gas is passed over heated sulphocyanide of 
potassium, solid chloride of cyanogen partly sublimes in needles, partly 
distils over dissolved in chloride of sulphur. — The needles are purified 
from adhering chloride of sulphur by a second sublimation in a vessel 
through which a continuous stream of chlorine gas is passed. — The 
chloride of sulphur which passes over, leaves when evaporated, an addi- 
tional quantity of crystals of solid chloride of cyanogen, together with a 
yellow liquid having a high boiling point. From this residue, the 
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cliloride of cyanogen is separated by snblimation in a stream of cbloiine 
gas^ the yellow li<][uid then remaining behind (Liebig). 

Properties. Shining white needles (and laminaB: Lielig), of sp. gr. 
about 1*320, melting at 140° to a transparent, colourless liquid, and 
boiling at 190° (Serullas). Vapour-density 6‘35 (Bineau, Ann. Chim. 
Phys. 08, 424). — Grives out, especially when heated, a pungent odour 
like that of chlorine, but at the same time strikingly resembling that of 
mice, and excites tears. Its taste is weak, in consequence of its small 
solubility, but is nevertheless similar to the odour. One grain dissolved 
in alcohol, and introduced into the alimentary canal of a rabbit, kills it 
instantly (Serullas). 





Liebig, 

Serullas. 


VoL 

Density. 

6 C 

, 36*0 .. 

.. 19*54 



C-vapour . 

... 6 ... 

2*4960 

3N 

. 42*0 .. 

.. 22*80 



H-gas 

... 3 ... 

. 2-9118 

3 Cl 

106*2 .. 

.. 57*66 . 

... 56-91 . 

... 74*35 

Cl-gas 

... 3 ... 

. 7-3629 

CWCP,,.. 

184*2 ... 

.. 100*00 




2 ... 

12*7707 


1 .... 6*3853 


Decompositions. 1. Solid chloride of cyanogen dissolves in water 
without decomposition at first, but is afterwards resolved with it, slowly 
at ordinary temperatures, more quickly at a boiling heat, and instantly 
in presence of a fixed alkali, into hydrochloric and cyanuric acids 
(Serullas) ; 

CGjSjscp + 6H0 = C«N3HW + 3HC1. 

300 pts. of solid chloride of cyanogen, heated for some time with water 
to 50° or 60°, gradually disappear, being dissolved in the form of hydro- 
chloric and cyanuric acids; the solution evaporated to perfect dryness, 
leaves 70*69 pts. of dry cyanuric acid (Liebig). Calculation gives 70*03 
pts. — Similarly, chloride of cyanogen boiled with ammonia, water, 
and alcohol, yields sal-ammoniac and cyanuric acid; but in the absence 
of alcohol, chlorocyanamide is produced. The same compound is formed, 
with slight evolution of heat, when dry ammoniacal gas is passed over 
pulverized chloride of cyanogen (Liebig). — 2. Solid chloride of cyanogen 
mixed with potassium is decomposed, with evolution of light and heat, 
yielding chloride and cyanide of potassium (Serullas). 

C^NSCF + 6K = 3C2NK + 3KC1. 

Combinations. — Solid chloride of cyanogen is but very slightly 
-soluble in Water. The highly poisonous action of this solution shows 
that, when first formed, it contains undecomposed chloride of cyanogen 
(Serullas). 

It dissolves very readily in Alcohol and EiJier^ whence it is precipi- 
tated by water. Chloride of cyanogen dissolved in absolute alcohol 
remains unaltered; but in hydrated alcohol, it is converted in a short 
time, with violent evolution of heat, into vapours of hydrochloric acid, 
and cubes of cyanuric acid which settle at the bottom of the liquid 
(Liebig). 
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Compounds related to Solid Chloride of Cyanogen. 

1 . Liquid Chloride of Cyanogen. C^N-CPI 

WuRTZ (1847). CompL rend. 24^ 438. — Furtlier: Ann Tharm. 79, 
280. 

Produced on bringing cblorbydride of cyanogen (hydrocyanatc of 
cliloride of cyanogen) with mercuric oxide (p. 463; also VIIT, 142). To 
prevent tlie great rise of temperature wliicli this action tends to pro- 
duce, tlie mercuric oxide is mixed with recently fused and pulverized 
chloride of calcium; the mixture well cooled; the clilorhydride of cyanogen 
then added; and the product distilled some hours afterwards into a well- 
cooled receiver. 

The colourless distillate is heavier than water; crystallizes at — 7° 
in long, transparent laminae; boils at + 16^. [According to Wurtzs 
later investigations, the liquid crystallizes between — 5° and — 6°, and 
boils at + 15'5°]. Its vapour excites violent coughing and copious flow 
of tears. [For tlie analysis, see VIII, 143]. 

The vapour is not inflammable. — The liquid mixed with a small 
quantity of potash, and then with a larger quantity of nitric acid, 
gives off carbonic acid gas, and leaves chloride of potassium, wdiicli 
precipitates nitrate of silver, whereas the aqueous solution of the unde- 
composed compound remains clear when mixed therewith. Probably, 
chloride of potassium and cyauate of potash are first formed; and the 
latter, on addition of nitric acid, yields carbonic acid and ammonia: 

C^N^CF + 4KO = 2KC1 + 2C2NKO^. 

The compound is perceptibly soluble in water (Wurtz). 


2. Clilorocyanic Oil. 

Gat-Ltjssac. Ann. Chmi. 95, 200; also Cilb. 52j 168; also /S'e/m-. 1 6, 
55. 

Sertjllas. Ami. C/dm. PJiys, 35, 300, — 38, 391; also Fogg. 14, 443. 
Botris. Compt. rend. 21, 226; also J. pr. Chem. 37, 278. — N. Ann. 
Cldm. Fhys. 20, 446; also J. pr. Chem. 42, 45. 

Chloroq/an-dl ; called Acide chlorocyanique by Gay-Lussac; yelloio liquid or 
yellow oil by Serallas and Bouis. — Gay-Lussac, in 1815, first obtained this oil in the 
separate state, but did not accurately distinguish it from volatile chloride of cyanogen. 
Serullas pointed out the diversity of the two compounds, and endeavoured, as did 
afterwards Bouis^ to ascertain its composition. 

Formation . — By the action of chlorine on many cyanogen -compounds: 
e.g. of cyanogen gas and chlorine in sunshine (Gay-Lussac); in presence 
of moisture (Serullas); of anhydrous hydrocyanic acid and moist chlorine 
gas in sunshine (Gay-Lussac, Serullas) ; also when chlorine gas is passed 
through strong aqueous hydrocyanic acid, oily drops being deposited on the 
sides of the vessel (Gay-Lussac). — Also by the action of chlorine gas on 
dry cyanide of mercury in sunshine (Gay-Lussac). The action is com- 
plete in ten days; the oil is the only product, no chloride of cyanogen 
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being formed (Serullas). By tbe action of chlorine gas in sunshine on 
cyanide of mercury pulverized and suspended in water, or in the state of 
aqueous solution. In these decompositions of cyanide of mercuiy, the 
first products formed appear to be chloride of mercury and volatile 
chloride of cyanogen; but the latter is afterwards decomposed by the 
excess of chlorine and converted into the oil (Serullas). — Carbonic acid 
and volatile chloride of cyanogen are given off, and the water is found to 
contain in solution, hydrochloric acid, sal-ammoniac, and protochlorido of 
mercury (Bouis). — The same yellow oil appears also to be formed where 
solid chloride of cyanogen is heated in a stream of chlorine (comp. Liebig, 
Ann, 10, 42). 

Fveparation, A concentrated aqueous solution of 5 grms. cyanide of 
mercury is poured into a bottle of one litre capacity, filled with chlorine 
gas and exposed to the sun: in an hour or two, drops of oil are seen running 
down the sides, and in four hours, if the sunshine be strong, the action is 
complete. In diffused daylight, the decomposition goes on more slowly 
and yields less oil. The oil is mechanically separated from the water 
above it — a large quantity of volatile chloride of cyanogen then escaping 
— and drawn up into tubes under water (Serullas). — Bouis proceeds in 
the same manner, except that he prepares a solution of cyanide of 
mercury saturated at a boiling heat, and pours it while still hot into 
bottles filled with chlorine. The crystals of cyanide of mercury 'which 
form at first, soon dissolve, and are replaced by elongated crystals, the 
formation of which appears however to be merely accidental; afterwards 
the oily drops appear. The chlorine must be repeatedly renewed, till it 
no longer loses its colour. In the bright sunshine of summer, the satu- 
ration of the liquid with chlorine is completed in two hours; in winter it 
takes two or three weeks. Four parts of cyanide of mercury yield 1 pt. 
of the oil (Bouis). 

FropeHles, Yellow oil, heavier than water. Has a very pungent 
odour, like that of chloride of cyanogen, but with a 2 -)eculiar aromatic 
character, causing a copious flow of tears and coughing. It is not 
nearly so poisonous as chloride of cyanogen, a tolerably strong dose 
killing rabbits only after several hours. When recently prepared, it does 
not redden litmus or precipitate nitrate of silver (Serullas). Its boiling 
point is at least as high as that of oil of vitriol (Liebig). It makes 
grease-spots on paper, which are dissipated by heat. Has a very caustic 
taste (Bouis) 

Dried over chloride of calcium after thorough loashtng. Bouis. 

12 C 72-0 .... 11*54 10*67 

4N 56*0 .... 8*98 8*38 

14 Cl 495*6 .... 79*48 78*63 

Ci2>s^4cii4 623*6 .... 100*00 97*68 

May he regarded as C®N^C1®,C^CP. Its formation is explained in the 
following manner: SC^N with 16C1 form 2C®N^CP; one atom of this 
C®N^CP remains uiidecoinposed; the other is decomposed by the water, 
yielding sesqiiichloride of carbon (which unites, in the nascent stads, with 
the undecomposed portion of C®N^CP, forming chlorocyanic oil) and sal- 
ammoniac, carbonic acid, and nitrogen, according to tiie following equa- 
tion (Bouis): 

C’N'CP + 8HO = C’Cr + 2NH^C1 + 4CO- + 2H. 

2 H 2 
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[According to Gay-Lussac and Serullas, however, the chlorocyanic oil is likewise 
formed by the action of dry chlorine on diy cyanide of mercury]. — Serullas regards 
chlorocyanic oil as a mixture of chloride of cyanogen, which might he 
an intermediate liquid modification [probably the compound described on p. 467 ?] 
with protochloride of carbon and chloride of nitrogen. The conclusion 
that the presence of chloride of nitrogen in the oil should impart deto- 
nating properties to it, appears to be unfounded: for chlorocyanic oil, to 
which chloride of nitrogen has actually been added, gives off gas in con- 
tact with phosphorus more rapidly than the pure oil, but does not explode 
(Serullas). 

According to Bouis, on the contrary, chlorocyanic oil explodes by the 
mere action of heat {md. inf.), 

Decompontions. — Chlorocyanic oil, when kept, either in the moist or 
in the dry state, becomes paler in colour, and deposits crystals of sesqui- 
chloride of carbon (Bouis). When very cautiously distilled (on account 
of its great tendency to explode) in a water-bath, the temperature of 
which is gradually raised, it boils at a moderate heat, giving off carbonic 
acid and nitrogen gases, and yields a colourless distillate, from which 
sesquichloride of carbon crystallizes on cooling. If the distillation be 
repeated a few times (whereby no more gas is evolved), collecting only 
the more volatile portion of each distillate, and separating the sesqui- 
chloride of carbon which crystallizes out on cooling, a pecidiar distillate 
is obtained (Bouis). 

This peculiar transparent and colourless distillate is heavier than 
water; begins to boil at 85°, the boiling point continually rising; has a 
very irritating odour, and caustic taste; and reddens litmus strongly. 
After drying over chloride of calcium, it contains 12*09 p.c. C, 5 00 N 
and 81*26 Cl (loss 165), and is therefore = C®N^C1H SC^CP. 

It burns with a red fiame, green at the edges. With sal-ammoniac it 
yields sesquichloride of carbon and other products. It is insoluble in 
water, but dissolves readily in alcohol, and still more in ether (Bouis). 
— - The formation of this transparent, colourless distillate from chloro- 
cyanic oil, may be explained as follows: The compound C®N^CP, which 
may be supposed to exist, together with C^CP, in chlorocyanic oil, is 
resolved into nitrogen, sesquichloride of carbon, and C®N^CP, according to 
the following equation : 

2CWC18 = 4N 4- 2C4CP + CWCP. 

This C®N^CP then unites with SC^Cl®, and forms the colourless distillate, 
or, which comes to the same thing: 

= 4N + C^CP + (Bouis). 

When chlorocyanic oil is suddenly heated, it detonates violently; 
e. g. when a few (tops of the oil contained in a glass tube are plunged 
into water at 85°; or when the neck of a glass bulb containing the oil is 
sealed (Bouis). If, however, the chlorocyanic oil has been previously 
brought to the boiling point by very gradual heating in the water-bath, 
and the boiling then kept up for a few minutes, all danger of explosion is 
over, and the distillation may then be continued over the open fire 
(Bouis). — [This circumstance seems to indicate the presence of chloride 
of nitrogen, that compound volatilizing at the beginning of the distil- 
lation]. 

When chlorocyanic oil is distilled over a mixture of chloride of 
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calcium and carbonate of lime, a very pungent, acid, colourless Hqaid 
first passes ov"er, 'witli considerable evolution of gas; then a crystalline 
sublimate is obtained, and cbarcoal remains behind. If the colourless 
distillate thus obtained be several times redistilled over fresh quantities 
of chloride of calcium and carbonate of lime, no more gas is obtained, but 
white crystals of sesquichloride of carbon again separate out; and the 
distillate, — although the carbonate of lime each time retains a portion of 
chlorine, — becomes continually more acid and more pungent in odour, and 
behaves like a mixture of protochloride of carbon and hydrochloric acid 
(Serullas). 

Chlorocyanic oil kept under water, gradually loses its colour, and 
continues, even for a year, to give off bubbles of a mixture of 3 voL 
nitrogen, and 1 voL carbonic acid, and deposits white flakes or crystals 
of sesquichloride of carbon, while hydrochloric acid dissolves in the water. 
At 100°, this decomposition takes place much more quickly; but the 
products, and the proportion of the carbonic acid and nitrogen, remain 
the same (Serullas), [The explanation whicli Serullas gives of this reaction, is not 
satisfactory]. 

Chlorocyanic oil immersed in water continually gives off nitrogen 
and carbonic acid gas. The oil, after being well washed with water, does 
not redden litmus at first; but in a few seconds becomes strongly acid, from 
the continuous formation of hydrochloric acid. When immersed in water 
in a bottle filled with chlorine, and exposed to the sun, it gives off 
nitrogen and carbonic acid, and deposits crystals of sesquichloride of 
carbon (Bouis). 

Chlorocyanic oil, when set on fire, burns without explosion, with a 
red, slightly smoky flame, and leaves no residue. It may be analyzed 
with oxide of copper, without risk of explosion (Bouis). 

Chlorine does not decompose it (Bouis). 

Cold concentrated nitric acid does not act upon chlorocyanic oil at 
first; but when gently heated, it boils and gives off streams of gas which 
break the vessel. If the cold acid be allowed to act quietly for the first 
two hours, and the mixture afterwards very slowly heated in a retort, 
it gives off carbonic acid gas, nitrogen, yellowish nitrous vapours 
having a powerful odour, and yields a distillate consisting of two 
layers, the upper of which is nitric acid, the lower an oily liquid. 
If the latter be repeatedly distilled, — ^an operation which may be per- 
formed over the open fire, — collecting each time only the first portions, 
and separating them from the sesquichloride of carbon, which passes over 
with them or crystallizes from the distillate; and the liquid washed with 
water as soon as the crystals cease to appear on further distillation, then 
dried [over chloride' of calcium], and again partially distilled, the liquid 
Ci2j^^Qj[i4o^ is obtained. 

This liquid, is transparent, colourless, heavier than water; 

very volatile; has a more pungent and irritating odour than chlorocyanic 
oil; makes oily spots 'on paper, which disappear when heated; has an 
extremely ^our and caustic taste; and produces fumes in the air. It con- 
tains 10T8 p.c. C, 8*53 N, 75*80 Cl and 5*49 0. It burns with a reddish 
flame, and’ is * insoluble in water, but dissolves in alcohol and ether 
(Bouis). 

When dry ammoniacal gas is slowly passed over chlorcyanic oil, the 
oil becomes turbid and hot, and solidifies in a White mass, which after- 
wards turns red and becomes still hotter; the sides of the vessel also 
become covered with a red substance containing white crystals. The 
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mass dissolves very sparingly in water^ and partially in alcoliol and etlier, 
leaving a red powder; the solution reddens litmus slightly, forms a pre- 
cipitate with nitrate of silver; and when evaporated, deposits crystals of 
sesqaicliloride of carbon. — Aqueous ammonia in contact with cliloro- 
eyanic oil, gives off a gas Laving a strong, penetrating odour, and deposits 
at first a wliito mass of sal-ammoniac; then, after longer standing, a 
yellow crystalline mass, which afterwards changes to brick-red* This 
mass is likewise insoluble in water, and dissolves but partially in 
alcohol and ether. The alcoholic solution diluted with water| deposits 
crystals of sesquichloride of carbon. The brick-red body insoluble in 
alcohol dissolves in nitric acid, and likewise, with evolution of ammonia, 
in potash. Heated with potassium, it unites with that body, with evolu- 
tion of light and heat, and forms a melting mass which, on continued 
exposure to beat, assumes a greenish colour. After cooling, it dissolves 
in water, leaving only a small q[uantity of a white gelatinous substance 
soluble in acids (Bonis). 

Chlorocyanic oil and potassium may be kneaded together at ordinary 
temperatures; but even a slight elevation of temperature causes violent 
detonation; similarly, if the' oil be gently heated with potassium over 
mercury, then a small quantity of hydrochloric acid passed up, and the 
mixture slightly agitated. The oil dropped upon potassium gently heated 
in a capsule, burns gently with greenish white flame; if fresh oil be then 
added with a glass rod, repeated detonations take place as often as 
pressure is exerted, accompanied by a pungent odonr of chloride of 
cyanogen, and a white cloud, probably consisting of chloride of potassium. 
The residual mass containing potassium, forms, when dissolved in water, 
a precipitate of prussian blue with iron salts and hydrochloric acid. 
The colourless liquid obtained by distillation over chloride of calcium and 
carbonate of lime, though it probably no longer contains chloride of 
nitrogen, likewise forms with potassium a mass which detonates when 
heated (Sernllas). Chlorocyanic oil strongly pressed in contact with 
potassium, also detonates violently, and with a red flame (Bouis). 

Combinations. Chlorocyanic oil is insoluble in water, but dissolves 
readily in Alcohol, from which it is precipitated by water, in the form of 
a colourless, and partly solid substance, having a campborous but at the 
same time pungent odour (Serullas). — According to Bouis, the oil is 
precipitated by water unchanged, and with milky turbidity. — It is like- 
wise soluble in ether (Bouis). 


<7. Niirogen-nucl&m C®N®AdH*? 

Product obtained from Urea. CWH^O^=C®N®AdH^,0^? 

Wohler & Liebih (1845), Ann. Pharm. 54, S71. 

Liebig. Ann. Pharm. 57, 114; — 58, 249 & 255. 

Gerhardt. N. J. Pharm. 8, 388. 

Laurent & Gerhardt. Compt. rend. 22, 456. — N. Ann. CMm. Phys. 
19, 93. 

Formation (VIT, 366). 

Preparation. When urea is slowly heated in a retort up to a certain 
temperature, there remains a mixture of this product with a varying 
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quantity of cyanuric acid, wliicli may be remored by boiling witli water 
(Wohler & Liebig). — Laurent & Gerhardt heat the urea in a capsule to 
a temperature above its melting point, till it boils, gives off carbonic acid 
and carbonate of ammonia, and is converted, first into a paste, then into 
a dry mass, which they wash with water. By this process, 2 pts. of urea 
yield about 1 pt, of residue. If part of it has been converted by too 
high a temperature into mellone, the product is to be treated with boiling 
ammonia or weak potash, filtered from the mellone, and the product pre- 
cipitated by nitric acid. 

Properties, Snow-white, clialky powder (Wohler & Liebig). 

Dried at 100°. Laurent & Gerhardt. 


6 C 36 .... 28*12 27*9 

4 N 56 .... 43*75 

4 H 4 .... 3*13 3*2 

4 0 32 .... 25*00 

eWH^O^ 128 .... 100*00 


According to the formula C®N-Ad^O^,02, the compound should be au aldide; 
according to the formula, C®N^AdH^,0'*, it is an acid, — and this latter view is in 
accordance with many of its relations to salifiable bases, as also with its resemblance 
to hydrosulphomellonic acid (p. 472). — Gerhardt & Laurent regard this residue as 
identical with Liebig’s ammelide. 

The residue yields yellow mellone when heated (Wohler' & Liebig). It 
is resolved by heat, without yielding a trace of water, into ammonia and 
cyanic acid which volatilize, cyanuric acid which sublimes, and mellone 
(Laurent & Gerhardt); 

eewH^o^ = 3NH8 + 3C2NH03 + 

2. By boiling with acids or alkalis, it is converted into ammonia and 
cyanuric acid (Wohler & Liebig): 

+ 2H0 -f 

Comhmations. The residue is insoluble in water; easily soluble in 
acids and alkalis; and may be precipitated therefrom by neutralization 
(Wohler & Liebig). 

From the ammoniacal solution, ammonia throws down a compound 
which gives off nearly all its ammonia on exposure to the air. The 
precipitate thrown down by alcohol from the solution in potash, contains 
only 6*9 p.c. potash, which may be almost wholly removed by repeated 
washing with water (Laurent k Gerhardt). 

The saturated solution of the urea-residue in boiling ammonia, forms 
with aqueous nitrate of silver a precipitate, which, after drying at 100'^, 
contains 46 p.c. nitrate of silver; it is therefore C®N^H®AgO\ and is 
doubtless identical with the compound of ammelide and silver-oxide 
(p. 477) obtained by Knapp (Laurent & Gerhardt), 
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Hydrosulphomellonic Acid. C'’N*H*S*=C^N“AdH^S*. 

Jamieson. (1846). Ann. Pharm. 59, 340. 

HydrotJdomellon, Hydroschwefelmellonsduref ScJiwefelmeUonwasserstoffsdurej 
Acid hydrosulfo^melloniquCi Ammelide sulfuri. 

Formation (VIII, XIO, 5). 

JErepumtion. A tolerably concentrated aqueous solution of bydro- 
sulpliate of potassium is saturated with pseudosulphocyanogen, the liquid 
being at last lieated to tbe boiling point; tbe solution tlien filtered; kept 
at a boiling beat for ten or twelve liours; and neutralized when cold with 
acetic acid, which .throws down ,a copious precipitate of hydrosulpho- 
mellonic acid mixed with sulphur* Part of it remains, however, dissolved 
in the liquid, and may be obtained by evaporation. — The well-washed 
precipitate is treated with cold ammonia, which loaves nearly all tbe 
sulphur undissolved ; the filtrate placed in a warm situation till nearly 
every trace of sulphide of ammonium has disappeared; boiled with 
animal charcoal till a sample treated with a mineral acid yields a per- 
fectly white precipitate; and the entire liquid, after filtration, precipitated 
by an acid. 

Properties. Hydrosulphomellonic acid crystallizes from boiling water 
in delicate white needles; from a salt it is precipitated as p. white 
powder. It is tasteless. Its aqueous solution reddens litmus. 


6 C 

36 

... 22*50 ... 

Jamieson, 
22*56 

4 

56 .. 

... 35*00 ... 

35*08 

4 H 

4 .. 

... 2*50 ... 

2*68 

4 S 

64 .. 

.. 40*00 ... 

39*94 



160 . 

... 100*00 .. 

100*26 


The urea-residue (p. 470), in which O is replaced by S. (Qerhardt & Laurent, 
N. J. Pharm. 11, 229, and N. Ann. Chim. Phys. 20, 118). 

Decompositions. 1. Hydrosulphomellonic acid heated to between 
140 ° and 150 ^, gives off sulphuretted hydrogen, and loaves mellono 
— 2. Hot nitric acid converts it into cyanuric acid. — 3. When heated 
with sulphuric or hydrochloric acid, it gives off sulphuretted hydrogen, 
and yields cyanuric acid. Ammonia must he formed at the same time, 
according to the following equation (Laurent k Gerhardt) : 

e6N4H4S4 -f eno « + 4HS + nh*\ 

OoTnl^inations, Hydrosulphomellonic acid is nearly insoluble in cold 
water, and dissolves hut very sparingly in boiling water, crystallizing 
out again on cooling. 

It unites with salifiable bases, giving out 1 At. water. 

fSuIphomellonide of Potassium. — Potash-ley saturated while hot with 
hydrosulphomellonic acid and filtered hot, yields on cooling, colourless 
prisms belonging to the right prismatic system, and having a vitreous 
lustre. These crystals give off a large quantity of water at 100°, and 
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tlie rest at 120°, tlie wliole quantity amounting to 11*73 p. c. (3 At.) 
The compound, when further heated, gives off sulphide of ammonium and 
hydrocyanic acid, and leaves a residue whose aqueous solution forms a 
gelatinous precipitate with hydrochloric acid. — Sulpliomellonide of 
potassium dissolves very readily in water and alcohol; chlorine gas passed 
through the aqueous solution throws down a white substance, probably 


6 C 

Dried at 100°. 
36-0 . 

... 18*16 

Jamieson-. 

4N 

56*0 . 

... 28 25 


3H 

3*0 . 

.. 1*52 


K 

39*2 . 

... 19*78 ... 

19-70 

4 S 

64-0 . 

... 32*29 


CWH3KS< 

198*2 . 

... 100*00 



Sulphomellonide of Sodium. — Prepared in a similar manner. Broad, 
translucent tables having a fatty lustre, — or from a quickly cooled 
solution: nacreous laminm, which give off 12*89 per cent (3 At.) water 
at 120°, leaving the anhydrous compound (= C'^N^H^NaS^) which con- 
tains 12*66 p.c. sodium. 

Sulphomelloriide of Barium. — Formed by boiling hydrosulpho- 
mellonic acid with water and carbonate of baryta^ till the mixture no 
longer effervesces, then filtering, and evaporating to the crystallizing 
point. Colourless needless with a diamond lustre, which give off 16"62 
p.c. (5 At.) water at 120°. 


Dried at 120°. 


Jamieson. 

6 C 

.... 36*0 

.... 15*82 

16*04 

4 N 

.... 56*0 

.... 24*60 


3 H... 

.... 3*0 

.... 1*31 

1-43 

Ba 

.... 68*6 

.... 30*15 

30-45 

4 S 

.... 64*0 

.... 28-12 

28-21 

C«N‘H3BaS* .... 

227*6 

.... 100*00 

...... 100*03 


Sulplicmellonide of Strontiim. — Prepared in a similar manner. 
Large, translucent tables belonging to the square prismatic system and 
having a waxy lustre; they give off 14*95 p.c. (4 At.) water of crystal- 
lization at 120°, leaving the anhydrous compound which contains 20*80 
per cent of strontium. 

SnlpTiomeUonide of Calcium. — Prepared in a similar manner. Colour- 
less needles with a gla;ssy lustre, belonging to the doubly oblique pris- 
matic system, and resembling those of axinite. At 120°, they give off 
11*21 p.c. (2 At.) water of crystallization, and leave the anhydrous salt, 
containing 11*23 per cent- of calcium. 

Sulpkomellonide of Magnesium. — Prepared in a similar manner. 
Small needles, which have a glassy lustre, dissolve readily in water, and 
give off 23*93 p.c. (6 At.) water at 120°, leaving a residue which contains 
7*24 p.c. of magnesium. 

Sulphomellonide of Silver. — A solution of hydrosulphomellonic acid 
in aqueous ammonia, forms with nitrate of silver, thick white flakes, which 
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are perfectly insoluble in water and do not blacken on exposure to light 
or suflbr decomposition at 100° (Jamieson). 



Dried at 100^ 


Jamieson. 

6C 

36 

.... 13-49 .. 

13-55 

4N 

56 

.... 20-97 .. 

21-07 

3 H 

3 

.... 1-12 .. 

1-31 

Ag 

108 

.... 40-45 ... 

40-67 

4S 


.... 23-97 ... 

24-01 


CWH^AgS^ 267 .... 100-00 100*61 


0, Nitrogen-nucleus, C^N^Ad^H, 

Ammeline. C'N^Ad^HjO' 1 

Liebig (1834). Ann. Fliarm, 10, 24; also Fogg, 34, 592. 

Knapp. Ann. Fliarm. 21, 243 and 255. 

VoLCKEL. Fogg, 62, 90. 

Formation, 1. By boiling mclam with hydro chloric acid or dilute 
sulphuric acid, or with solution of potash (in the last case together with 
melamine. (Liehig). — 2. By boiling melamine with dilute nitric acid 
(Knapp). 

Preparation, After the melamine has crystallized out from a solution 
of inelam in boiling potash-ley, the ammeline may be thrown down in 
the form of a thick white precipitate, by acetic acid, sal-ammoniac, or 
carbonate of ammonia. It is washed with water ; dissolved in dilute 
nitric acid; the nitrate of ammeline crystallized out and dissolved in 
water containing a little nitric acid; the ammeline precipitated therefrom 
by ammonia, or carbonate of potash; and the precipitate washed and 
dried (Liebig). Volckel dissolves liis poliene in strong boiling hydrochloric acid, 
and precipitates ammeline from the solution by ammonia. 

Properties. Snow-white, bulky powder, having a silky lustre when 
precipitated by ammonia (Liebig). 






Liebig. 

Knapp. 

Vdlckel. 

6 

C 


.. 28-33 ..., 

28-46 ... 

28-04 ... 

28-28 

5 

N 

70 .. 

55-12 ... 

54-94 ... 

54-12 ... 

55-00 

5 

H 

5 .. 

.. 3-95 ... 

3-97 ... 

3-83 ... 

4-00 

2 

0 

16 .. 

12-60 ... 

12-63 ... 

14-01 ... 

12-72 


CWH502 .... 127 .... 100-00 100-00 100*00 100-00 


According to Liebig, ammeline is 3Cy,2NHO-,.'5IL [If we were to assign to it 
the formula CWAd-H,02, would be regarded as an amidated aldide, which, like urea, 
possesses weak basic properties; the formula C^N^AdHO^,!!^ would represent it as 
an alkaloid, in the nucleus of which, 6 C would be united, not with 6 At. but with 
8 At. of other substances; according to the formula GWAdHjH^O^, it would be an 
alcohol.] 

Decompositions, 1. Ammeline when heated yields ammonia and a 
crystalline sublimate, and leaves yellow mollone (Liehig). According 
to Laurent & Gerhardt, it is thereby resolved into ammonia, cyanuric acid, 
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and mellone; but tlie cyanuric acid Tolatilizes in tlie form of cyanic acid. 
They represent the decomposition by tbe following equation: 

3a’N’H502 = 3NH3 + 

2. By solution in oil of vitriol, it is resolved into ammonia and ammelidc, 
which latter may be precipitated by alcohol (Liebig): 

2CWH502 + 2HO = 

(Or, according to Laurent & Gerhardt, who regard ammelide as 

+ 2HO = CWH^O^ + NH^). 

Ammeline is also resolved into ammonia and ammelide by continued boil- 
ing with dilute nitric acid, the ammelide being then, by boiling for 14 
hours longer, completely resolved into ammonia and cyanuric acid 
(Knapp). — 3. Dry ammeline fused with hydrate of potash, intumesces 
strongly, and gives off ammonia and water, while pure cyanate of potash 
remains behind (Liebig): 

C6N5H50^ 4- 4HO = SC-’NHO'^ + 2NH3. 


Combinations, Ammeline is insoluble in water. 

With strong acids, ammeline behaves like a weak base, but does not 
dissolve in acetic acid, and is incapable of decomposing ammoniacal salts. 
With most acids it forms crystallizable salts, which are partially decom- 
posed by water, ammeline being left undissolved in the form of a white 
powder, and an acid solution formed, which gives a white precipitate 
with alkaline carbonates (Liebig). 

N'itrate of Ammeline, — A solution of ammeline in dilute nitric acid 
yields by evaporation, long, transparent, colourless, square prisms, which 
have a high lustre and refract light strongly. These crystals heated to 
the point at which the mass, after becoming pasty, again solidifies, are 
resolved into nitric acid, nitrous oxide, and water (products of decom- 
position of the nitrate of ammonia which is at first formed) and a residue 
of ammelide: 

2C6N6HSOS = + NH3 + 2NO^ 

Water decomposes these crystals into free ammeline and an acid solution; 
from their saturated! solution in aqueous nitric acid, the addition of more 
water throws down part of the ammeline (Liebig). 


6 C 

Crystallized. 
36 .. 

.. 18*95 ... 

Liebig. 
19*02 

6 N 

84 .. 

.. 44*21 ... 

..... 44*05 

6 H 

6 .. 

.. 3*16 ... 

3*20 

8 0. 

64 .. 

., 33*68 ... 

33*73 


CWH502,H0,N0« 190 .... 100*00 100*00 


Ammeline dissolves in aqueous Fotash, and is precipitated from the 
solution by acetic acid, sal-ammoniac, and carbonate of ammonia. 

Ammeline with Silver-oxide. — The solution of ammeline in strong 
ammonia forms with nitrate of silver, a white precipitate which contains 
46*4 p, c. silver, and is therefore C^N^H^AgO® (Laurent & Gerhardt). 
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Nitrate of Silver and Ammeline, — Nitrate of ammcllue forms witli 
nitrate of silver, a white crystalline precipitate which does not give off 
water when heated (Liebig). 


Liebig. 

6C 36 .... 12*12 12*70 


6N 

. 84 

.... 28-28 ... 

.... 29*42 

6 H 

. 5 

.... 1*68 ... 

.... 1-77 

Ago : 

. 116 

.... 39*06 ... 

.... 38*13 

7 O 

. 56 

.... 18*86 ... 

.... 17‘98 

CWHS02,Ag0,N05 ... 

. 297 

.... 100*00 ... 

100*00 ‘ 


Ammeline does not dissolve in alcohol or in ether (Liebig). 


Ammelide. +• c^N^AdHio^Y 

Liebig (1834). Ann, JBliarm, 10, 30; also JBogg, 34, 507. — Ann, 

Tliarm, 58, 249. 

Knapp. Ann, Pimrm, 21, 244. 

Formation. By treating melam, melamine, or ammeline with sul- 
phuric or nitric acid (Liebig, Ktiapp). 

Preparation. Melam or ammeline is dissolved in oil of vitriol, or 
melamine is dissolved in boiling concentrated nitric acid ; the ammelide 
precipitated from the solution by alcohol and carbonate of potash; and 
the dense, white precipitate thoroughly washed with water (Liebig). — 
2. Nitric acid of sp. gr. 1'49, very slightly heated, is saturated with 
melam; the solution left to ool, whereupon it solidifies in consequence of 
the separation of the ammelide; the latter washed with water; dissolved 
in juitrio acid to free it from admixed ammeline and cyanuric acid; pre- 
cipitated therefrom by excess of ammonia, which holds the cyanuric acid 
in solution^ the precipitate redissolved in nitric acid; reprecipitated by 
a slight excess of potash; the precipitate, which obstinately retains, 
potash, diffused in water containing a small quantity of sulphuric acid, 
whereby it is freed from potash and ammeline; and the ammelide thus 
purified washed with water. (Knapp). — 3. Nitrate of ammeline is 
heated, till the mass, which at first becomes pasty, again solidifies 
(Liebig). Knapp dissolves this residue in sulphuric acid, precipitates by. 
alcohol, and washes the precipitate. 

Properties, White powder, which has no action upon vegetable 
colours (Liebig). 


12 C 

72 . 

... 28*24 

Liebig, 

27*54 ... 

-Knapp. 
28*06 

9N 

‘ 126 . 

... 49-4] 

47*84 .... 

48*76 

9 H 

9 . 

... 3*53 . 

3*61 ... 

3*55 

6 0 

48 . 

... 18*82 .. 


19*63 

.... .. 

255 . 

... lOO'OO .. 

100*00 ... 

100-00 


According to Liebig, ammelide is 6Cy + 3NHO- + 6N. [May be regard...* 
ammeline + urea-product (p. 470) — CWHO^ + C^N^H^O^, or as cyanurate of 
mekmine: WO®). — Laurent & Gerhardt {Compt, rend. 
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18, I5B ; 22, 456, regard ammeKde a's identical with the above-mentioned urea- 
product, but without having analy 2 ed it. 

Decompositions. 1. Ammelide boiled for several hoars with dilute 
phosphoric, sulphuric, hydrochloric, or nitric acid, till the liquid is no 
longer precipitated by ammonia, is resolved into ammonia and cyauuric 
acid (Knapp): 

C12N9H906 + 6H0 - 2CWH-^OS + SNH^. 

The cyanuric acid obtained by the use of nitric acid amounts to between 88 and 97 pts. 
from 100 pfcs. of ammelide. Calculation (255 : 2 . 129 =- 100 : 101) requires 101 pts. 
(Knapp). 2. Ammelide dissolved in a tenfold quantity of dilute potash, 
is in a similar manner converted by an hour s boiling, into cyanurate of 
potash, a large quantity of ammonia being at the same time evolved 
(Knapp). — 3. Ammelide fused with hydrate of potash yields cyanate of 
potash, with evolution of ammonia (Liebig): 

C12N9H906 + 6KO = 6C3NK02 + SNE^- 

Comlinations. Ammelide is insoluble in water (Liebig). 

Ammelide dissolves in the stronger Acids, but without forming cha- 
racteristic salts (Liebig). It dissolves readily in sulphuric, hydrochloric 
or nitric acid, and is precipitated therefrom by ammonia or carbonate of 
potash (Knapp). 

The solution in sulphuric or hydrochloric acid saturated while hot, 
does not yield crystals on cooling (Knapp) ; the nitric acid solution yields 
crystals, from which however the whole of the acid may be extracted by 
water or alcohol (Liebig). 

Ammelide dissolves very sparingly in Ammonia, but very easily in 
Potash; from the potash-solution saturated while hot, it is deposited on 
cooling, unchanged and in white crusts (Knapp)^ 

It does not appear possible to form compounds of ammeline with baryta, oxide of 
lead, or oxide of copper (Knapp). 

Ammelide with Siher-oxide. — Obtained by diluting the warm solution 
of ammelide in nitric acid with such a quanity of water, that the mixture 
shall yield no deposit on cooling; mixing it at a moderate heat with 
excess of nitrate of silver; and cautiously adding ammonia to the clear 
liquid, as long as a white curdy precipitate continues to form: this pre- 
cipitate must then be washed with water in the dark. — The white pi'e- 
cipitate is blackened by light while in the moist state; it is very hygro- 
scopic, and dissolves readily in nitric acid and in ammonia (Knapp). 


Dried at 100°. 


Knapp. 

12 C 

72 .... 

15*35 .. 

15*47 

9 N 

...... 126 .... 

26*86 .. 

..... 26*87 

7 H 

7 .... 

1*49 .. 

..... 1*40 

2 Ag 

...... 216 

46*06 .. 

..... 45*90 

6 0... 

48 .... 

10*24 .. 


C13]S|9H^Ag206 

.... 469 .... 

100-00 ... 

100*00 


PFitrade of Silver and Ammelide, When the above-mentioned mixture 
of aqueous nitrate of ammelide and nitrate of silver is left to cool with- 
out addition of ammonia, it yields yellowish crystals. A solution of the 
compound of ammelide and silver- oxide in strong nitric acid, also yields 
transparent, colourless laminae on evaporation. — The crystals heated in a 
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tube give off a large quantity of nitric acid^ then cyanic acid, and leave 
metallic silver. In water they become opaque, and dissolve for the most 
part, leaving however a few flakes of ammelide. By repeated solution in 
water and evaporation, the compound is in the end completely resolved 
into nitrate and cyanurate of silver (Knapp), [According to what 
equation ?] 


Crystallized. Knapp. 


12 C 

72 

.... 12‘10 ... 

.... 11*46 

11 N 

154 

.... 25-89 ... 

.... 24-31 

9 N 

9 

.... 1*51 ... 

.... 1-56 

2 Ag 

215 

.... 36*30 ... 

37-90 

18 0 

144 

.... 24-20 ... 

24-77 

Ci2N°H0Ag2O'5,2AgO,2NO® 

595 

.... 100-00 ... 

100-00 


Ammelide does not dissolve in acetic acid, alcohol, or ether (Knapp). 


L. Fitrogen-micleiis. G^N^Ad-CL 

Chlorocyanamide. C'N'>H^Cl=C“N®A(i=Cl. 

Liebig. Vogg: 34, 609; also Ann. Pkarm. 10, 43. — Ann. Pharm. 
68, 249. 

Bineau. Ann. Chim. Phgs. 70, 254. 

Laueent & Gerhardt. Compt. rend. 22, 455. — 2P. Ann. Chim, Pliys, 
19, 90, and 22, 98. 

Cyanamid, Parachlorcyan‘Ammo7iiak, Chlorocyanamide ParacJilorocyanate fTAm- 
moniaque. — Discovered by Liebig in 1834. 

Formation. Gaseous or aqueous ammonia in contact with solid 
chloride of cyanogen forms, with slight evolution of heat, chlorocyana- 
mide and sal-ammoniac (Liebig). 

C^N^CF + 4NH^ =5 C®N'*H'*C1 + 2NH'^C1 (Laurent & Gerhardt). 

Preparation. Ammon iacal gas is passed to saturation over finely 
pulverized solid chloride of cyanogen, which is heated towards the end 
of the reaction, -~or the solid chloride of cyanogen is heated with aqueous 
ammonia, -—and in both cases, the resulting sal-ammoniac is extracted by 
washing with cold water (Liebig). 

Properties. Dull white or yellowish white powder, which cannot he 
Yolatuized without decomposition. 





Laur. & Gerh. 

Liebig. 

6 C 

... 36-0 , 

24-76 

24-9 

27-98 

5 N 

... 70-0 . 

... 48-14 



4 U 

... 4-0 . 

... 2-75 

2*7 

3-23 

Cl 

.. 35-4 . 

... 24-35 

24-8 


C«N«fDCl .. 

... 145-4 . 

... 100*00 




Chlorocyanamide when burnt yields 6 voL carbonic acid gas to nearly 5 vol. 
nitrogen (Liebig). ^ 
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Decompositions, 1. Chlorocyanamide Leated only to 120° — 130°, 
yields a sublimate consisting of shining, inodorous crystals, and at a 
higher temperature is resolved into a crystalline sublimate and a residue 
of lemon-yellow mellone (Liebig). The products of this decomposition 
are hydrochloric acid, sal-ammoniac, and mellone (Laurent & Gerhardt); 

= HCl + NH^Cl 4* 

2. It dissolves sparingly in aqueous potash, with evolution of ammonia; 
the solution saturated with acetic acid, yields no crystals of monocyanu- 
rate of potash, but white flakes (Liebig). The solution obtained by 
heating chlorocyanamide with potash-ley contains chloride of potassium 
and a compound of ammeline with potash (Laurent & Gerhardt): 

CSNSH^Cl + HO + KO = KCl + 

Hydrochloric acid added to the solution, throws down the ammeline as 
a bulky white precipitate; when precipitated by acetic acid, the ammeline 
carries a certain quantity of potash down with it. Chlorocyanamide 
may likewise be immediately converted into ammelide by treating it 
with strong solution of potash (Laurent <& Gerhardt). 

Oomlmaiions. Chlorocyanamide dissolves sparingly in hot water, 
and separates in white flakes on cooling (Liebig). 

Bineau examined the mixture of chlorocyanamide and sal-ammoniac 
obtained by the action of ammoniacal gas on solid chloride of cyanogen — 
which mixture he regards as 4NH®,C®N^CP — without removing the sal- 
ammoniac by water. This mixture is white, inodorous, without distinct 
taste [excepting, probably, that of sal-ammoniacl], and permanent in the 
air. Heated over the flame of a spirit-lamp, it does not melt, but evolves 
hydrochloric acid gas, and towards the end a small quantity of ammonia; 
yields a sublimate of sal-ammoniac, and a white, fusible, and decom- 
posible substance, and leaves mellone. Cold nitric acid converts it in a 
few hours into crystallized cyanuric acid. Oil of vitriol dissolves it 
rapidly, with evolution of hydrochloric acid gas. Aqueous hydrochloric 
acid has no action upon it. — Potash-ley dissolves it, with evolution of 
ammonia. — "Water dissolves scarcely any of it, but acquires the power 
of forming a cloud with solution of silver (Bineau). 


K, Witrogen-nucleus. C®N^Ad®. 

Melamine. c*N®H6= C^N^Ad^ H'^ ? 

Liebig (1834). Ann, JBharm. 10, 18; 26, 18T. 

Formation, By boiling melam with aqueous potash (p. 484, 6). 

Freparation. Melam prepared by heating 8 pts. of sulphooyanide of 
potassium and 16 pts. of sal-ammoniac, and well washed, is mixed with a 
solution of 1 pt. hydrate of potash in 24 to 32 pts. of water, and boiled 
or nearly boiled, — the water as it evaporates being replaced by a 
solution of potash of equal strength, — till the melam is completely 
dissolved, and forms a clear solution; the filtrate is then evaporated at a 
gentle heat, till it deposits shining laminso; then slowly cooled to the 
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crystallizing point; the crystals washed several times with cold water; 
and purified by recrystallization from hot water (Liebig). 

Properties^ Tolerably large, colourless rhombic octohedrons. Fig, 
41, a : a' =75° Q' , d : a backwards = 115° 4' (nearly). Cleavage 
parallel to t {Fig. 43). The crystals arc permanent in the air; decrepi- 
tate when heated; and melt to a transparent liquid, which solidifies in a 
crystalline mass on cooling. Cannot be sublimed. Has no action on 
vegetable colours (Liebig). 



Crystallized. 

Liebig. 

Yarrentr. & Will. 

6 C 

36 .... 28*57 

28*74 


. 6 N 

84 .... 66*67 .... 

66*67 

66*22 

6 H 

6 .... 4’76 ... 

4*83 


CWH6..., 

126 .... 100*00 .... 

100*24 



Liebig gives the formula Cy3,3NH,3H. [The formula is in 

accordance with the assumption (VII, 186), that the alkaloids contain 2H, outside a 
i trogen-nucleus] . 

Decompositions, 1. Melamine heated above its boiling point, creeps 
up the sides of the tube, and decomposes at the red-hot parts, yielding 
ammoniacal gas and a yellow residue of mellone (Liebig) : 

C^N^H^ = CW + 2NH3. 

Melamine is not, however, a compound of mellone and ammonia; for it 
cannot be produced by the union of these two bodies, nor does it give 
off ammonia when treated with hot potash-solution (Liebig). — 2. By 
boiling with strong nitric acid till it is completely dissolved, or by heating 
with strong sulphuric acid (which does not blacken it), it is resolved into 
ammelide and an ammoniacal salt (Liebig) : 

2CGN6H5 + 6HO r= + 3NH3. 

By continued boiling with dilute nitric acid, melamine is converted, with 
formation of a continually increasing quantity of ammonia, first into 
ammeline (which may be precipitated from the acid liquid hy ammonia), 
then into ammelide, and finally, after 12 or 14 hours, into cyanurio acid 
(Knapp, Ann, Pharm, 21, 256): 

+ 2HO = CGN3H502 + NH^. 

Ammeline, 

(For the further decomposition of the ammeline and ammelide, see those compounds). — 
3. Melamine fused with hydrate of potash, forms cyanate of potash, and 
if in excess, likewise mellonide of potassium (Liehig). [Probably thus ? 
CWH 64 - 3 H 0 + 3K:6=3C2NK02 + 3NH3]. — 4. Melamine fused with potas- 
sium yields mellonide of potassium, with evolution of ammonia and 
emission of light and heat (Liebig): 

C6N6H5 + K = C^N^K + NH3. 

OomUnaUons, Melamine dissolves sparingly in cold, readily in 
boiling water (Liebig). 

It combines as an alkaloid with all acids. When boiled with sal- 
ammoniac solution, it expels the ammonia, and precipitates the oxide from 
solutions of manganese, zinc, iron, and copper salts, in some cases, how- 
ever, but partially, with formation of double salts. The simple melamine* 
mlU have' a slight acid reaction, are soluble in water, and for the most 
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part crystallizable; tbe double salts of melamine are perfectly neutral 
(Liebig). 


Fliosphate of Melamine. — The hot, moderately concentrated solution 
solidifies on cooling, in a white mass consisting of delicate needles, and 
readily soluble in water (Liebig). 

Sulphate of Melamine. — An aqueous solution of melamine, added to 
dilute sulphuric acid, immediately forms, even when very dilute, a crys- 
talline precipitate which dissolves in hot water, and separates therefrom 
in short delicate needles on cooling (Liebig). 


Mydrocklorate of Melamine. 

Liebig. 

{Ann. Fkarm. 26, 187). 


6 C 

.... 36-0 

.... 22*17 .... 

.... 22*05 

6 N 

.... 84-0 

.... 51*72 


7 H 

.... 7-0 

.... 4*31 .... 

.... 4-43 

Cl 

.... 35-4 

.... 21*80 


.... 

.... 162*4 

.... 100-00 



Nitrate of Melamine. — A hot-saturated solution of melamine in 
water, mixed with a suificient quantity of nitric acid to produce a strong 
acid reaction, solidifies on cooling into a soft mass, which consists of long 
flexible needles, is permanent in the air, and when burned with oxide of 
copper, yields 6 vol. carbonic acid gas to 7 vol. nitrogen (Liebig). 

Melamine dissolves in potash-ley more readily than in water, and 
crystallizes out from it unchanged (Liebig). 

Nitrate of Silver and Melamine. — The hot aqueous solution of 
melamine, mixed with nitrate of silver, immediately yields a white 
crystalline precipitate, which increases on cooling, and is not altered by 
recrystallization. 


Crystallized. Liebig. 

6C 36 .... 32^6 12-24 


o yj 

7 N 

ou 

... 98 

.... XU 

.... 33-11 ... 

..... 33*06 

6 H 

6 

.... 2-03 ... 

2-02 

Ago 

. 116 

.... 39-19 ... 

38*59 

5 O 

.... 40 

.... 13*51 . . 

.... 14-09 

CWH6,Ag0,N05 ..... 

... 296 

.... 100-00 ... 

.... 100-00 


Therefore, nitrate of melamine, C®N®H®,HO,NO% in which HO is replaced 
by AgO. 


Formiate of Melamine. — Shining laminsB, which give off a small 
quantity of acid on exposure to the air, more quietly at 100°, and dis- 
solve readily in water (Liebig). 

Acetate of Melamine. — Large flexible quadratic laminae, which give 
off part of their acid at 100°, and dissolve readily in water (Liebig). 

Oxalate of Melamine. — Less soluble in water than the nitrate. 
(Liebig). 

TOL. m. 2 I 
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16 C 

96 .. 

.. 28*07 ... 

Liebig. 
.... 28*02 

12 N 

168 .. 

.. 49*12 ... 

.... 48*67 

14 H 

14 .. 

.. 4*09 .... 

3-94 

8 0 

64 .. 

.. 18*72 

19-37 


2CWHs,C^H208 342 .... 100*00 100*00 

Melamine does not dissolve in alcohol or in ether (Liebig), 


Appendix to Melamine. 

1 . Melam. CwiH^=:2C«N^3NH3 1 

Liebio (1834). Ann. Pharm. 10, 10; also Pogg. 34, 579, — Ann . 

Fharm. 53, 330; 58, 248. 

Knapjp. Ann. Pharm. 21, 242. 

Bemains 'when sulphocyanide of ammonium is gently heated, 'whereas 
at a higher temperature, mellone or a mixture of melloue and melam is 
produced (VIII, 77). 

Preparation. A dry and finely pulverized mixture of 1 pt. sulpho- 
cyanide of potassium and 2 pts. sal-ammoniac, is heated, at first some- 
what above 100°, then gradually raised to a higher temperature, but not 
too high, and the melam in the residue freed from chloride of potassium 
by continued -washing with water. Any sulphur that may yet remain, 
proceeding from the sulphide of potassium produced by too strong heating 
of the sulphocyanide, may be removed by levigation. Any hydrochloric 
acid that may remain may be removed by treating the residue with 
carbonate of potash, and washing. The excess of sal-ammoniac coun- 
teracts, by its volatilization, the effects of too strong a heat, by which 
the melam might be converted into mellone. 

To obtain pure melam from this crude product, it is boiled with 
moderately strong solution of potash till the greater part is dissolved, 
and the pure melam separated, by cooling the filtrate, in the form of a 
heavy, white, granular powder (Liebig) . 

Py^opeHies. The substance precipitated from the potash-solution is a 
heavy, white, granular powder; crude melam is of a yellowish white 
colour with a tinge of grey, and readily diffuses itself in water in the 
form of a yellow mud (Liebig). 

Liebig. 

a. h. 

12 C 72 .... 30*64 30*49 .... 29*99 

11 N 154 .... 65*53 65*57 

9 H 9 .... 3*83 3*94 .... 4*06 

235 .... 100*00 100*00 

The melam a was purified hy solution in hot potash and cooling ; 1) was crude 
meiara, freed from hydrochloric acid by carbonate of potash. Both a and b yielded 
by combustion 12 vol, carbonic acid gas to 11 -yoL nitrogen. 

Gerbardt {Oompt. rend, 18, 159; also J. pr. Clim. 31, 438) formerly 
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'suggested tKat melam was a mixture of luellone and melamine. But 
melamine miglit be extracted by boiling water; and as melam is com- 
pletely soluble in boiling hydrochloric acid, it cannot contain mellone, 
which is insoluble in that acid (Liebig). — In a later communication 
(iV'. Ann, Chim, Phys, 19, 96), Laurent & Gerhardt pronounced melam 
to be a mixture of melloiie and poliene. But mellone is excluded by 
the above-mentioned behaviour with hydrochloric acid; and poliene, 
which is the residue obtained by heating pure sulphocyanide of ammo- 
nium (p. 484), is identical with melam, when the latter is freed from 
adhering hydrochloric acid. But the so-called poliene, when examined 
by the microscope, appears like a mixture of a heavy sandy powder and 
slender needles, which may be dissolved out by boiling water; whereas 
melam appears uniform, because in its formation, the effect of too high a 
temperature has been prevented by the excess of sal-ammoniac present. 
If, however, melam and poliene be purified by solution in hot potash-ley 
(p. 482), they exhibit the same composition and the same chemical rela- 
tions (Liebig). 

Yolckel regards melam as a mixture of the decomposition-products 
of poliene, formed when it is somewhat strongly heated, but before it is 
completely transformed into mellone. [This requires to be proved by actually- 
separating Liebig’s melam into these products, and by a more exact description of the 
products themselves] . 

JDecompodtions. 1. Melam is resolved by heat into ammonia, toge- 
ther with a small crystalline sublimate, and a residue of mellone (Liebig). 
— 2. Its solution in boiling concentrated nitric acid, which is formed 
without any evolution of nitric oxide, deposits anhydrous cyanuric acid 
as it cools, while nitrate of ammonia remains in solution (Liebig): 

CiSNiiHS + 12HO = 2CeN3H306 + 5NH3. 

No other acid converts melam into cyanuric acid. — 8. Oil of vitriol 
decomposes it into ammonia and ammelide (Liebig): 

C12N11H9 + 6HO = + 2NH3. 

4. Melam boiled with hydrochloric or dilute sulphuric acid dissolves 
completely, forming a compound of ammonia and ammeline with the 
acid (Liebig): 

C12N11H9 + 4HO = 2C6N5H502 + NH^. 

If therefore a solution of melam in dilute sulphuric acid he evaporated 
beyond the point at which the sulphate of ammeline crystallizes, the 
ammeline is converted by further ebullition into ammelide (Liebig). 
The ammelide once formed by the action of comparatively strong sul- 
phuric acid, may then, after the acid has been diluted with water, be 
decomposed by boiling, into cyanuric acid and ammonia (Knapp). — 
Concentrated nitric acid likewise converts melam, if the action of heat 
does not intervene, into ammonia, ammeline, and ammelide (Knapp). If 
nitric acid of sp. gr. 1*49 be saturated, first in the cold, and afterwards 
at a gentle heat, with melam, the thickish yellowish solution solidifies on 
cooling into a pasty mass, from which cold water extracts nitrate of 
ammonia and ammeline (amounting to 5 per cent of the melam) leaving 
ammelide, together with a small quantity of ammeline, undissolved 
(Knapp). — 5. Melam fused with hydrate of potash gives off, with 
violent frothing, a large quantity of ammoniacal gas; and, if the quantity 
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of melam Le not deficient, leaves a residue of cyanate of potasli in a 
state of tranq[uil fusion (Liebig): 

CW1H9 4 - 6(HO,KO) - 6C2NK02 + 5NH'l 

6. Melam heated with moderately concentrated potash-ley assumes a 
yellowish white colour, and breaks up, diffusing itself through the potash 
in the form of a milky liquid, and after about three clays’ exposure to 
the heat of the water-bath dissolves completely, forming a transparent 
solution. This when evaporated, and still more when cooled, deposits a 
quantity of melamine amounting to nearly half that of the melam. The 
mother-liquor contains ammeline (precipitable by acids), together with 
traces of melamine. There is also produced a small quantity of ammo- 
lide, which by longer boiling is resolved into ammonia and cyanuinc 
acid; this explains the evolution of ammonia, which takes place when 
melam is boiled with potash-ley (Liebig). If the crude melam used in 
the process contains mellone, arising from the application of too strong a 
heat in its preparation, the potash-salt described on page 382, is formed 
at the same time (Liebig). Equation for the formation of melamine and 
ammeline: 

Cisi^ntP + 2H0 = CWHG + 

Combinations. — Hydroclilorate of Melam. — After the residue ob- 
tained by heating sulphocyanide of potassium with sal-ammoniac 
(p. 482) has been washed with water, melam remains behind in combi- 
nation with a small quantity of hydrochloric acid, in the form of a 
yellow-greyish white powder, which diffuses itself in water like a fine 
mud. It may be deprived of its hydrochloric acid, not by water, but by 
aqueous carbonate of potash, and when treated with oil of vitriol, gives 
off hydrochloric acid gas with strong intumescence (Liebig). 


2. Poliene. 

VoLCKEL. Togg. 61, 367; 63, 90. 

This, according to Volckel, is a compound isomeric with melamine; 
according to Liebig, on the contrary, it is identical with melam, a view 
which is corroborated by the almost identical mode of preparation. 

JBreparation. Sulphocyanide of ammonium contained in a retort is 
gradually heated in the oil-bath to 800°; the residue exhausted, first 
with cold water, then with a small quantity of boiling water, and afterwards 
repeatedly boiled with water. The first decoction deposits on cooling, 
another bulky compound; but the following decoctions yield on cooling 
a white powder of poliene. The substance which remains undissolved 
after boiling, when freed from two other bodies by treating it with dilute 
hydrochloric acid and afterwards with boiling dilute potash, also yields 
poliene,^ but coloured slightly yellow by a trace of another substance; 
the residue must therefore be dissolved in boiling water, which, when 
cooled and evaporated, deposits the poliene in the form of a white 
powder. 

White, or often yellowish white powder (Volckel). 



POLIENE. 


485 


Calc, according to Yolckel. 

6 C 36 .... 28*57 

6N 84 .... 66*67 

6H 6 ... 4*76 


Calc, according to Liebig. Voickel. 

12 C 72 .... 30*64 ....... 28*37 

U N 154 .... 65*53 

9 H 9 .... 3*83 4*77 


.... 126 .... 100*00 235 .... ioo*oo 

Therefore isomeric with melamine (Voickel). As a verification of his analysis, 
Voickel should have determined the proportions by volume of the carbonic acid and 
nitrogen gas obtained by combustion (Liebig). 

I)eco7npositions. h PolieueVlien heated, swells up, gires off ammo- 
nia, and is converted, first into certain intermediate products, among 
whicli must be reckoned ammelene = C^ISf^H®, and then into glaucene 
[mellone] = — 2. By boiling with strong hydrochloric acid, it 

is resolved into ammonia and ammelene, and by cold nitric acid of sp. gr. 
1*5, or by oil of vitriol, into ammonia and ammelide, and finally into 
ammonia and cyanuric acid. [For the equations see melamine, which behaves in 
the same manner], — 8. Poliene dissolves readily in strong boiling potash, 
with evolution of ammonia; if the liquid be filtered before the poliene is 
entirely dissolved, tbe filtrate yields on cooling, a heavy white granular 
powder which, besides nitrogen, contains 30*00 p.c. C and 4*05 H, and 
is therefore identical in composition with Liebig’s pure melam. But it is 
a mixture of undecomposed poliene (C®N®H^) and ammelene (C®N®H^), — 
which are extracted by repeated boiling with water, and deposited as the 
liquid cools, — and of undecomposed albene, which, besides N and 0, 
contains 29*48 p.c. 0 and 3*84 H, and yields by combustion 6 vol, 
carbonic acid gas to 5 vol. nitrogen, and is therefore = It 

was formed by access of 3HO to 2C®N®H® (poliene) with evolution of 
2NHk Albene, by continued boiling with dilute potash, is ultimately 
converted into ammeline. Hence poliene appears to be converted, first 
into ammelene, then into albene, and lastly into ammeline. — 5. Poliene 
boiled with dilute potash dissolves slowly, with evolution of ammonia. 
The brownish solution, when highly concentrated, yields crystals con- 
sisting of cyanurate of potash, of the potash-salt described by Liebig, 
and of another body, perhaps melamine; the mother-liquor forms with 
acids a dense white precipitate of melamine. By continued boiling with 
dilute potash, poliene is completely converted into ammonia and cyanuric 
acid. — 6. Hydrate of potash, in a state of fusion, decomposes poliene 
(like melam) into ammonia and cyanic acid: 

C6N6H6 + 6H0 = 3NH3 + 3C2NH02. 


Comhinations, Poliene dissolves very sparingly in hot Water. 

With AcidSi it behaves like a weak base; but even water takes away 
all the acid, excepting a small quantity which may he extracted by 
alkalis. 

100 pts. of perfectly dry poliene, saturated in a stream of perfectly 
dry hydrochloric acid gas, and then freed from the excess by a current of 
dry air, take up about 28*51 pts. of the gas; 100 : 28*51 = 126 : 35'92; 
therefore C®]S[«H®,HCL ^ 

Poliene is insoluble in alcohol and ether (Yolckel), 
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Unknown Frimary Ffncleus, 

Unknown Oxygen-nucleus. 

Glycerine. C«PP0<’=C«HS0S01 

ScHEELE. OpusG. 2, 175j also Crell. chrnn. J. 4, 190; Crell. Ann. 1784^ 
1, 99 and 2, 328. 

Frbmy. Ann. Chim. 63, 2^. 

CiiEVREUL. Eecherches sur les corps gras. 209 and 338. 

Pelouee. Ann. Chim. Fhys. 63, 19; also A7in. Fha^'m. 19, 210 and 20, 
46; also J. pr. Ohem. 10, 287. — PurtLer: Compt. rend. 21, 718; 
also J. pr. Ohem. 36, 257. 

Redtenbaoiier. Ann.Fharm. 47, 113; 57, 174. 

Beetiielot. On tLe compounds of Glycerine with Acids. AT. Ann. 
Chim. Fhys. 41, 216; abstr. Compt. rend. 37, 398; 38, 668; AT. J*. 
Fharm. 24, 259; Instit, 1853, 301; Ai'ch, ph. nat. 24, 176; J. pr, 
Chem. 60, 193; A^iii, Fhm^m. 88, 304; Fharm. Centr. 1853, 721, 
737; Chem. Gaz. 1853, 421; Chem. Soc. Qu. J. 6, 280; 7, 282. 

Glycerin, Siisses Princip von Scheele, Scheelsches Sil-9Si Otlsuss, Oelzucker, 
Glycerylowyd, Principe dona? des /miles. — Discovered by Scheele in 1779 in 
the preparation of lead-plaster, 

Occurs in all glycerides (YII, 327) in the form of conjugated 
compounds with various acids, from which it is separated chiefly by 
saponification. 

Freparation. 1 . Five parts of finely triturated litharge are heated 
with 9 parts of olive-oil or any other glyceride and a small quantity of 
water, the mixture being constantly stirred and the water renewed, till 
the lead-oxide is converted into a plaster; the watery liquid sepamted 
from this plaster and freed from lead by a small quantity of sulphuric 
acid or sulphuretted hydrogen; and the filtrate evaporated to a syrup, 
which is best done over the water-bath (Scheele, Fremy, Chevreul). — 
2. A glyceride is saponified with caustic potash; the whole saturated 
with tartaric acid; the watery liquid separated from the moi'e fixed 
soapy acids, and evaporated to dryness; the residue exhausted with 
alcohol of sp. gr. 0'8; the liquid filtered from the tartrate of potash, and 
again evaporated to dryness; the residue exhausted with absolute alcohol; 
and the solution again evaporated. — If free tartaric acid is still present, 
it must be rendered insoluble' in -alcohol by sufficient addition of potash 
(Chevreul, compare VII, 233). It is difficult by this process to obtain 
glycerine perfectly free from tartaric acid (Chevreul). - — If. Riegel 
{Jakfb. pr. Fha'i'm. 21; pt. 3; A^'ch. Fharm. [2], 77, 199) carefully 
neutralizes the alkaline mother-liquor of the soap-works with sulphuric 
acid; removes the excess of that acid by digestion with carbonate of< 
baryta; evaporates the filtrate to a syrup; digests it for several days with 
alcohol ; separates the alcoholic liquid from the sulphate of soda which 
crystallizes out ; decolorizes it with animal charcoal, and evaporates to a 
syrup; again exhausts the residue with strong alcohol; and evaporates 
the filtered solution in the water-bath. — |^Oii the preparation aud purification 
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of glycerine on the large scale, see also C. Morfit {Fharm, J. Trans. 13, 84 ; iST. /. Fkarm, 
24;, 357* and Chevallier, J. Chim. mid. [3], 9, 465; Pharm. J. Trans. 13, 137)]. If 

To dehydrate completely tlie glycerine obtained by (l)»-ar (2), it must 
be left for three months in vacuo over oil of vitriol (Chevreul); or heated 
in vacuo for several hours to or in an open vessel over the oil-bath 
to a temperature between 120^^ and 130° (Pelouze). 

Properties. Colourless or pale yellow^ non-crystallizing syrup, which 
is inodorous, has a sweet taste, and does not redden litmus, Sp. gr. of 
glycerine dehydrated as completely as possible, T2T at 10® (Chevreul)j 
1*28 at 15° (Pelouze). May be partially distilled by boiling with water 
(Chevreul). 





Pelouze, 

Chevreul. 

Chevreul. 




earlier. 
sp. gr. 28. 

later. 

sp. gr. 2*7. 

sp. gr. 2*52. 

6 C 

36 , 

... 39-13 

.... 39-38 ... 

39*03 .. 

40*07 ... 

37*67 

8 H 

8 . 

... 8*70 

.... 8*76 

.. 8*76 .. 

8*92 ... 

9*05 

6 O 

48 . 

... 52*17 

.... 51*86 

.. 52*21 

51*01 ... 

53*28 


92 . 

... 100*00 

.... 100.00 ... 

.. 100*00 

100*00 ... 

100*00 


Laurent {Revue sclent. 14, 341) assumes a primary nucleus called Glycene = 
CGRio, whence he derives the oxygen-nucleus, Glycose — and regards glycerine 

as the alcohol of that nucleus = C®H®0^,2H0. — Berzelius {Jahresber. 23, 403) pro- 
ceeds from a radical called Lipyl — C^H^, which, with 1 At. O, forms oxide of lip yl = 
C^H^O; by the addition of 3HO to 2 At. oxide of lipyl (2C3H20 + 3110), hypothec 
tical anhydrous glycerine — is produced; and this with IHO forms hydrate 

of glycerine, that is to say glycerine as we know it in the nncoinbined state. — Liebig 
and others assume a radical called Glyceryl, C®HL which with 50 forms oxide of 
glyceryl = and this with IHO forms hydrated oxide of glyceryl = 

C^H^O®,HO, or glycerine as known in the free state. 

DecomposUiom. 1. Glycerine, when exposed to a heat near to red- 
ness, distils for the most part unaltered, but a small portion of it is 
resolved into a combustible gas, carbonic acid, acrol (p. 365), empyreu- 
matic oil, acetic acid and charcoal. ~ It first gives off the water that is 
mixed with it; then below a red heat, a large quantity of glycerine but 
slightly altered, in the form of a sweet, somewhat erapyreumatic syrup; 
and lastly, at a red heat, it leaves a residue of light shining charcoal, and 
gives off brown vapours, which condense to a black oil and an acid liquid 
having a powerful odour and sharp taste. By repeated distillation it 
may be completely decomposed, the successive distillates exhibiting a 
continually sharper and more bitter taste (Scheele). — The products 
obtained by dry distillation are undecomposed glycerine, carbonic acid 
gas, combustible gas, acetic acid, empyreumatic oil, and charcoal (Premy, 
Pelouze). The glycerine at first passes over for the most part unde- 
composed, together with a very small quantity of acrol, then swells up 
and froths over (Redtenbacher). 

2. In the open fire glycerine burns with a clear flame (Scheele), like 
an oil f Fremy). — 3. Glycerine dehydrated as completely as possible, and 
mixed with eight times its weight of platinum-black, becomes heated; 
absorbs a large quantity of oxygen on exposure to the air, giving off at 
the same time a vapour which has a slightly acid odour, and reddens 
litmus; and is converted into a syrupy acid, which has a bitter and sour 
taste, is neither volatile nor crystallizable, and with the aid of heat, 
reduces mercurous nitrate and nitrate of silver [propionic acid]. If the 
experiment be made in oxygen gas over mercury, copious absorption 
takes place, attended with evolution of Reat, and is completed in a few 
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Lours; and tlie glycerine is conycrted, witL formation of carbonic acid, 
into tlie above acid, wliicli, if the mixture be kept in the atmosphere of 
oxygen for several days, is completely resolved into carbonic acid and 
water; in this reaction, 1 At. CT-PO® consumes 13^ At. 0 (Doberciner, 
t/. pr. Clietn. 28, 499; 29, 451). — 4. Glycerine dissolved in a large 
quantity of water, and exposed to the air for several months at 20° or 
30°, in contact with well washed yeast, is converted, with evolution of 
a few gas-bubbles, into propionic acid (Redtenbacher, p. 402, 4). — 
5. Every time that an aqueous solution of glycerine is evaporated, a 
coloured substance is formed, which gives a precipitate with subacetate of 
lead. The lead-precipitate, washed and decomposed by sulphuretted 
hydrogen, yields a colourless filtrate, which, when evaporated, first 
assumes a yellow, then a brown colour, brown drops of liquid forming at 
the^ bottom and rising through the liquid, and leaves a brown transparent 
residue, which dissolves with turbidity in water, but completely in 
potash-ley, forming a brown solution. When aqueous glycerine is eva- 
porated in vacuo, a substance is produced which colours the glycerine 
yellow, and is not precipitated by subacetate of lead (De dough, 
Berzelius, Jahresher, 23, 405). — 6. In a bottle filled with chlorine gas, 
glycerine is converted, in the course of several months, with formation of 
hydrochloric acid gas, into a syrup, from which water separates numerous 
flakes of a white, fusible substance, which has an unpleasant ethereal 
odour, and a very sour, bitter and harsh taste (Pelouze). — 7* It dissolves 
a large quantity of bromine, with evolution of heat; after it has been 
saturated with bromine while warm, water takes up from the solution a 
large quantity of hydrobromic acid, and separates a heavy oil, having an 
unpleasant ethereal odour, soluble in ether and alcohol, and precipitable 
from the latter by water; its formula is (Pelouze). — 

8, Glycerine is rapidly decomposed by peroxide of manganese and hydro- 
ohloiic or dilute sulphuric acid, yielding carbonic and a large quantity of 
formic acid (Pelouze). — 9. It is converted by nitric acid into oxalic 
acid, but only after repeated evaporation (Scheele); it is very easily 
decomposed by nitric acid, yielding water, carbonic acid, oxalic acid, and 
nitrous fumes (Pelouze). — 10. When syrupy glycerine is acted upon at 
ordinary temperatures by a mixture of 2 vol. oil of vitriol, and I voL 
strong nitric acid, violent action takes place, and nothing is formed but 
products of oxidation; but if the mixed acids be cooled by a freezing 
mixture and the glycerine dropped in, with constant stirring, it dissolves 
quietly; and on shaking up the solution with water, an oil separates out, 
which, when washed with water, then dissolved in alcohol and precipi- 
tated by water, or dissolved in ether, recovered by evaporation, and then 
dried in vacuo over oil of vitriol, exhibits a pale yellow colour; is much 
heavier than water; inodorous; has a sweet, pungent and aromatic taste; 
but if placed on the tongue even in very small quantity, produces head- 
ache, which lasts for several hours. [Doubtless a nitro-compound, p. 501]. 
(Sobrero, Conipt. rend. 24, 247). — 11. Glycerine subjected to dry distil- 
lation in contact with bisulphate of potash, yields sulphurous acid, acrol, 
acrylic acid, a number of secondary products, and a viscid carbonaceous 
residue; it behaves in a similar manner with oil of vitriol, excepting that 
in this case, no acrol is obtained (Redtenbacher). — 12, Mixed with 
anhydrous phosphoric acid, it becomes heated, gives off the odour of acrol; 
and if afterwards distilled, yields acrol and other products, the residue 
swelling up and charring (Redtenbacher): 

CTFO® == C'5H402 + 4H0. 
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IT 13. When glycerine is slowly added to pentachloride of phosphorus, 
great heat is evolved, hydrochloric acid is disengaged in abundance, and 
the mixture becomes viscid, and hardens on cooling. On treating the 
residue with water, or better with carbonate of soda, a substance separates 
which is heavier than water, and resembles precipitated silica. If the 
glycerine be added in the state of dilute solution to the chloride of 
phosphorus, or if too much of it be added at once, the chief products 
formed are phosphoric and hydrochloric acid, which decompose and 
dissolve the above-mentioned product. The latter, after complete wash- 
ing with water, contains chlorine, but no phosphorus. It dissolves readily 
in hot nitric acid and in cold potash, slowly in boiling aqueous ammonia 
or in boiling acetic acid. It is not precipitated from either of these 
solutions by neutralizing the liquid. It is insoluble in alcohol and in 
ether. In cold water it remains unaltered; but boiling water dissolves it 
slowly, forming a solution, which yields by evaporation, a hard trans- 
parent substance which absorbs aqueous vapour in considerable quantity 
(Dufiy, Che7n, Soc. Qu. J. 5, SOS), 

14. Glycerine treated with biniodide of phosphorus, yields gaseous 
propylene, C®H®, a distillate of water and iodopropylene, C®H®I, and a 
residue containing certain oxygen-acids of phosphorus, together with free 
iodine, undecomposed glycerine and a trace of red phosphorus (Berthelot 
& De Luca, Comjjt. rend, 1 9, 7 45) : 

2C6HS0<5 + PP + + 4HO + I + + PO^ - HO). 

The formation of iodopropylene is due to a reducing action exerted by the PP on the 
glycerine. The liberation of appears to he of secondary importance (Berthelot 

& De Luca; comp, p. 395). Y* 


15. Glycerine mixed with hydrate of potash and gently heated, gives 
off a large quantity of hydrogen gas, and leaves a white mass consisting 
of acetate and formiate of potash (Dumas & Stas, Ann, Ghim, 73, 

148; also Ann, Pharm, 85, 158): 

+ 2KO = C^H^KO^ + C^HKO^ + 4H. 


The first products are acrylate of potash and acrol, inasmuch as the 
glycerine, by giving up 4HO to the potash, which thereby becomes more 
fluid, is converted into acrol, which, if the heat be afterwards increased 
till the mass becomes white, gives off hydrogen, and is converted into 
acrylate of potash ; and this compound is, by the further action of the 
potash-hydrate, for the most part resolved into acetate and formiate of 
potash (Redteubacher) : 

First: 


esRSO® - 4HO = 


then: 


+ KO,HO - O^E^KO^ + 2H3 


finally: 

C6H3K04 + KO + 3HO - C^HSKO^ + C^HKO^ + 2H. 


16- Glycerine boiled with cupric acetate or sulphate, throws down a 
very small quantity of cuprous oxide (A. Vogel, Sekw, 18, 167). — 
IT John {Arch, Phatm, [2] 68, 87, Pharm, Omtr. 1851, 927), hj boiling 
glycerine with cupric sulphate, obtained a precipitate of cupric hydrate, 
hut no metallic copper. % — Glycerine boiled with aqueous terchloride of 
gold, throws down a dark purple powder (Vogel), 
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Glycerine dissolved in 4 pts. of water remains unaltered for montlis (Scheele) ; it 
is not brought into the state of vinous fermentation by yeast (Fremy, Pelouzc). 

Oomhinations, Glycerine deliquesces in the air, and mixes in all 
proportions with Wate7\ Tlio aqueous solution evaporated in the air at 
100°, leaves a syrup of sp, gr. 1-252 at 17°, still containing 6 p,c. water 
(Chevreul). 

It dissolves a large quantity of Iodine, with orange-yellow colour and 
without decomposition (Pelouze). 

It forms with Potash a compound soluble in alcohol, and therefore 
mixes without precipitation with alcoholic potash (Scheele). — With 
Baryta, Strontia and Lime, it forms compounds soluble in water, sparingly 
soluble in alcohol, and not precipitated by carbonic acid (Chevreul). — 
Glycerine, even when dehydrated as completely as possible, dissolves 
potash, soda, baryta and strontia, the first two abundantly (Pelouze). 

Anhydrous glycerine dissolves all deliquescent salts and many 
others, e. g. the sulphates of potash, soda, and copper, the nitrates of 
soda and silver, the chlorides of potassium and sodium (Pelouze). 

Aqueous glycerine (Fremy), and even the anhydrous compound 
(Pelouze) dissolves protoxide of lead, and consequently does not precipi- 
tate subacetate of lead (Fremy). 

Other bodies insoluble in water are not dissolved by anhydrous 
glycerine (Pelouze). 

Sesquichloride of iron mixed with a large quantity of glycerine is not 
precipitated by alkalis or alkaline hydrosulphates (H. Rose). 

Cupric sulphate or acetate mixed with glycerine forms a clear azure- 
blue mixture with excess of potash (A. Vogel). — Cupric sulphate mixed 
with glycerine forms with a small quantity of potash a precipitate which 
dissolves in a larger quantity; hut the resulting blue solution decomposes 
even below 100"", depositing bluish flakes (Lassaigne, J, Chim. med. 
18, 447). 

Glycerine dissolves in alcohol in all proportions, but not in ether 
(Lecanu, Pelouze). — It dissolves many Vegetable Acids (Pelouze). 

IT The compounds of glycerine with acids have lately been made the ' 
subject of an elaborate investigation by Berthelot, from which it appears 
that glycerine is capable of uniting directly, both with the fatty acids 
(stearic, margaric, &c-) properly so called, and with other acids both 
organic and inorganic. — The union is effected by prolonged contact of 
the acid and glycerine in sealed tubes at a temperature more or less 
elevated. Nearly all the compounds form likewise at ordinary tempera- 
tures, but very slowly. In certain cases, they are obtained by double 
decomposition between glycerine and compound ethers. They may also 
be formed by the action of hydrochloric acid on a mixture of glycerine 
and the acid. 

The bodies thus formed are neutral, and incapable of uniting with 
alkalis; some of them are crystalline, others liquid. They all, when 
treated with alkalis, slowly reproduce the original acid and glycerine. 
Strong hydrochloric acid decomposes them in a similar manner. When 
treated with alcohol and hydrochloric acid, they yield glycerine and an 
ether of the acid previously united therewith these two reactions they 
exhibit in common with the natural fats. All of them, excepting two, 
which are volatile, are decomposed by heat, and yield acroL Lastly, 
ammonia converts them into amides. 
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I'rom tliese facts it appears tliat tlie gljcerine-salts are analogous to 
compound ethers of the third class (Vll, 215)^ and consequently that 
glycerine is analogous to alcohol: 

A compound ether = Acid + Alcohol — Water 
A glycerine-salt 5 ^ Acid + Glycerine — Water. 

Moreorer, hy the action of alkalis, of concentrated acids, and of water, 
either quickly at high, or slowly at ordinary temperatures, the neutral 
fats or glycerine-salts are resolved into acids and glycerine, and the ethers 
in like manner, into acids and alcohol. 

The compounds of glycerine with acids may he arranged in three 
series. Those of the first series, which are analogous to the compound 
ethers, are formed by the union of 1 At. of an acid and 1 At. glycerine, 
with separation of 2 At. water; e.y. 


Monoacetin 

CioHiOQs 

= 

+ 

C6HSO6 _ 

2 HO 

Monobutyrin 

CWHWQs 

= C^HSO^ 

+ 

C 6 HS 0 ® - 

2H0 

Monovalerin 

CI 6 HI 6 O 8 



C«HSO» - 

2H0 

Monostearin 

C42H4208 

= 


C«HW - 

2H0 

Monochlorhydrin.,.. 

C6H7C104 

= HCl 

+ 

C 6 HS 0 ® - 

2H0. 


The second series is formed hy the union of 2 At. acid and 1 At. 
glycerine, with separation of 2 [?] or 4 At. water: 


Biacetin 

C14H12O10 

== 


+ 


- 4HO 

Bibutvrin 

C22H22013 


2 C8IiSO^ 

+ 


- 2H0 [?] 

Bivalerin 

C=«H2<iO>= 

= 


4- 

C«HSO« 

- 2H0 P] 

Bistearin 

C78H;7S012 

= 


+ 

COHSO® 

- 2H0 [?] 

Biethylin 


= 

2cm^o- 

+ 

C'Hsoo 

- 4H0 

Bichlorhydrin 

csH6cr-02 


2 HC1 

+ 

C'HSQS 

- 4H0 

Ben 20 ohlorhydrin . 

CTiiiCiOS 


Cmh^O^ + HCI + CsHW 

- 4H0 


The third series results from the union of 3 At. acid and 1 At. 
glycerin, with separation of 6 At. water: e. g. 


Triacetin 



= 


cm^o^ - 

6HO 

Tribntyrin 

C30H26O13 

= 3C^0^ 


C«H80« - 

6HO 

Trivalerin 



= 

+ 

C 6 HSOI! _ 

6HO 

Tristearin 

Cii'iHiioOis 

= 3C36H3604 

+ 

CSRSO® - 

6HO 

Triolein 



= 3C36H3404 

+ 

CSH806 - 

6H0. 


The bodies of this last series are perfectly identical, in properties and, 
composition with the natural fats, stearin, olein, &c. (Berthelot). 

[The bodies of the first series may be regarded as glycerine in which 
1 At. H is replaced by the radical of the acid, or again as glycerine 
coupled with 1 At. of an oxygen-nucleus derived from the primary 
nucleus of the series to which the acid belongs, by the substitution of 
20 for 2H; thus, monoacetin may be regarded as glycerine in which 
1 At. H is replaced by 1 At. othyl, or as 1 At. glycerine coupled 

with 1 At. of the oxygen-nucleus (othylene) formed from ethylene, 

C^H^, by the substitution of 20 for 2H: 

C“H“08 = C«|(,4|[3Q2}o« = C5HS0«,C<HW: 
similarly, for monovalerin: 

CI6H“05 = C'lcioisostjo® = C^HW.C'OHW.J 

The bodies of tbe second series (with some apparent exceptions) may 
be regarded as glycerine in which 2 At. H are replaced hy 2 At. of a 
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radical, or as 1 At. glycerine coupled with 2 At. of tlie corresponding 
nucleus; thus for hiacetin, we have: 

and for biethylin: 

C»H«0<! = C<i {(c^H5)2}°° = CSHSOO,(C''H‘‘)=. 

But bibutyrin, bivalerin, and bisfceariii appear to deviate from this law, 
inasmuch as (according to BertholoUs analyses), their formation is 
attended with the elimination of only 2 At. water instead of 4 At. As 
however the purification of these substances is attended with considerable 
difficulty, it is probable that the anomaly is only apparent and will be 
removed by further investigation According to the above law, the 
formula^of bibutyrin should be : 

C22H=''0“ = "" C6H«08,(C8H«0-)-’; 

and similarly for the rest. 

The bodies of the third series may bo regarded as glycerine in which 
3 At. H are replaced by a radical, or as 6 At. glycerine coupled with 
3 At. of the corresponding nucleus: c.y. for triacctin, and tristearin: 

CisH«0“ = C5{(C4H30=)4°' “ C'HS0“,(C‘H202)3 

C1«hiioo’2 = “ C«H80«,(C35H«02)’. 

The chlorhydrins belong altogether to a difiTerent type; see page 498. 

[W]. 


Conjugated Compounds of Glycerine, 

Phosphoglyceric Acid. C®H®oyiO,roi 

Pblouze (1845). Compt. rend. 21, 718; also J. pr. Chem. 36, 257. 
Gobley. J. JPharm. 9, 161; 11, 409; 12, 5. 


Glt/cerin~2)tios2}7iorsdnre, Acide phosp?iogl^cerique. Occurs [in the form of a 
peculiar compound with oleic and margaric acid] in the yolk of eggs and 
in the brain (Gobley). 

Preparation. Glycerine mixes with an excess of anhydrous phos- 
phoric acid or its solid hydrate, the temperature of the mixture rising 
above 100°, and a large quantity of phosphoglyceric acid being formed. 
The mixture is dissolved in water; neutralized, first with carbonate of 
baryta, and then with baryta-water; filtered from the phosphate of 
baryta; and the baryta precipitated from the filtrate by an equivalent 
quantitj' of sulphuric acid: the filtered liquid is an aqueous solution of 
phosphoglyceric acid (Pelouze). 

To obtain this acid from yolk of egg, that substance is freed from the 
greater part of its water by heat; then exhausted with boiling alcohol or 
ether; the filtrate evaporated; the residue consisting of egg-oil and a 
viscid substance (matiere visqueme), collected on a filter, and left to drain 
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in tke liofc air chamlier till tlie greater part of tlie oil has run off; and 
the residual viscid matter pressed between folds of paper, renewed as often 
as any oil is thereby extracted. The soft, orange-yellow, translucent 
mass, smelling of yolk of egg, is then heated with dilute potash in the 
water-bath for 24 hours; the solution slightly supersaturated with acetic 
acid; filtered from oleic, margaric acid, &c.; the filtrate precipitated with 
neutral acetate of lead; the precipitated phosphogly cerate of lead washed, 
suspended in water, and decomposed by sulphuretted hydrogen; the 
filtrate concentrated by gentle evaporation, and freed from a small 
quantity of hydrochloric acid by agitation with a small quantity of oxide 
of silver, and filtration; the silver precipitated by sulphuretted hydrogen; 
the filtered liquid freed from a small quantity of acid phosphate of lime 
by saturation with lime-water ; the liquid separated by filtration from 
the phosphate of lime ; and the solution of phosphoglycerate of lime 
evaporated to the crystallizing point. The crystals are purified by again 
dissolving them in water, filtering, and evaporating to the crystallizing 
point; the lime precipitated from their aqueous solution by an equivalent 
quantity of oxalic acid; and the filtrate evaporated in vacuo (Gobley). 

Properties. Viscid mass, having a very sour taste (Gobley). Accord- 
ing to Pelouze, the aqueous acid cannot be concentrated beyond a certain 
point without decomposing, even in the cold: hence the mass obtained by 
Gobley doubtless contained free phosphoric acid and glycerine. 

Decompositions. The acid w^hen ignited leaves a very acid charcoal. 
Its solution in 10 pts. or more of water may be boiled without decom- 
position; but a more concentrated solution is decomposed thereby, with 
liberation of phosphoric acid (Gobley). 

Comhinations. The acid dissolves readily in Water (Gobley). 

Its salts are generally soluble in water, but insoluble or very sparingly 
soluble in alcohol (Pelouze). 

Phosphoglyceraie of Baryta. — Soluble in water, and precipitated 
from the solution by alcohol (Pelouze). 



Dried at 150®. 


Pelouze. 

3 BaO,P05 

224*6 . 

... 73*02 .. 


C'HW 

83*0 . 

... 26*98 


C6HSBa=O«,HO,P05 

307*6 . 

... 100*00 



Pelouze states that 1*916 pts. of the salt leave, when ignited, 1*246 pts. of phos*. 
phate of baryta, therefore 73 per cent; but 1*916 : 1*1246 — 100 : 65*05 ; one of his 
numbers is therefore incorrect, 

Phosphoglycerate of Lime. — Snow-white, pearly laminae, inodorous, 
hut having a rather sharp taste (Gobley). Sustains a heat of 170° with- 
out decomposition (Pelouze) ; blackens at a somewhat stronger heat 
(Gobley). When boiled down with lime and water, it is resolved into 
phosphate of lime and glycerine, which may be dissolved out by alcohol 
(Gobley). Dissolves much more abundantly in cold than in boiling 
water, so that it separates almost completely from the cold solution on 
boiling; from the aqueous solution it is precipitated by alcohol (Pelouze, 
Gobley). 
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Pelouze. 

Gobley. 




dried at 165°. 

dried at 120' 

2 CaO,P05 

... 127-4 . 

... 60*55 . 

60*10 

.... 60-27 

6 C 

... 36*0 . 

... 17-11 . 

17*00 

.... 17*05 

7 H 

7*0 . 

... 3*33 . 

3*42 

.... 3*49 

.5 0 

40*0 . 

... 19*01 . 

19*48 

... 19-19 






C«H6Ca206,H0,P0« 

... 210*4 

... 100*00 . 

lOO'OO 

... 100*00 


Fhosphoglycerale of Lead. — ■ Insoluble in water. After drying at 
120°, it leaves on ignition 77'5 p.c. diphosphate of lead, and is therefore 
C'H'Pb^O^HOjPO' (Pelouze). 


Sulphoglyceric Acid. c®H«0®,2S0^ 

Pelouze (1836). Ann. Ohm^ Phjs. 63, 21; also Ann. Pharm. 19, 211; 

20, 212; also J. pr, Ghem. 10, 289. 

Glycerin-^SchwefelsWurej Acide sulfoylycerique. 

Preparation. ' — 1 pt. of glycerine is mixed witli 2 pts. oil of vitriol, 
'whereupon a considerable evolution of heat takes place; the mass, when 
cold, dissolved in water; the solution saturated with lime, filtered, and 
evaporated to a syrup; the crystals of the lime-salt which separate on 
cooling, collected and dissolved in water; the lime precipitated from the 
solution by the proper quantity of oxalic acid; and the liquid filtered. 

By this process, aqueous sulphoglycei'ic acid is obtained in the form of 
a colourless, inodorous, strongly acid liquid, which may be evaporated in 
vacuo, even at a temperature a few degrees below 0°, and when moderately 
concentrated, does not resolve itself into free sulphuric acid and glycerine. 

The aqueous acid decomposes carbonates. The sidpJioglycerates 
decompose with great facility and are very soluble in water. (The potash- 
salt and the lime-salt yield by dry distillation, sulphurous acid, acrylic 
acid, acrol, and secondary products of decomposition. Eedtenbacher, 
Ann. Pharm. 47, 118). 

SulphoglyqeraU of Baryta. — Its aqueous solution heated 'W^ith baryta 
is resolved, even below 1 00°, into sulphate of baryta which is precipitated, 
and an aqueous solution of glycerin. 

SulpJioglycerate of Lime. ' — The aqueous acid neutralized at a moderate 
heat with milk of lime, then filtered and evaporated to a syrup, yields on 
cooling, colourless needles which have a bitter taste. The salt begins to 
decompose between 140'^ and 150^^, emitting an intolerable odour of 
distilled tallow (of acrol, according to Eedtenbacher), and leaves, first a 
carbonaceous residue, then a white residue of sulphate of lime. This resi- 
due moistened with sulphuric acid and again ignited, amounts to 35*4 p.c. 
of the salt dried at 120°. — The aqueous solution of the salt is not decom- 
posed by lime-water at ordinary temperatures, and therefore does not 
subsequently precipitate chloride of barium; but after boiling for a short 
time with lime-water, it contains sulphate of lime^ and consequently forms 
a precipitate with chloride of barium. The crystallized salt dissolves in 
less than 1 pt. of water, but not in alcohol or ether. 
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CaO 

Dried at 105°. 

: 28 

.... 14-66 ... 

JPelouze. 
14*58 

2 S03 

80 

.... 41*88 ... 

... 41*22 

6 C 

36 

.... 18*85 ... 

18*85 

7H 

7 

.... 3*66 ... 

3*70 

5 0 


.... 20*95 ... 

21*65 


191 

.... 100*00 ... 

100*00 


Tte Lead-salt Las a similar constitutioD, aad is soluble in water; so 
likewise is the silver-salt (Pelouze). 

Bulk {Berl. JaJirh, 1821, 166), by treating olive-oil with oil of vitriol, 
obtained a sidpholeous acid {{scKwefeldlige Baure) forming with baryta 
a soluble, crystal lizable, bitter salt which charred in the fire, with tume- 
faction and slight inflammation; the presence of sulphur in this acid was 
not however demonstrated. 

It may be assumed, with much greater confidence, that the acid 
described in 1 823 by Chevreul {Mecherches sur les corps gras, 457) under 
the name of Sidpho-adipic acid, is identical with the sulphoglyceric acid of 
Pelouze. Chevreul heated a mixture of equal parts of hog's lard and oil 
of vitriol to 100° for a few minutes; mixed it with water, slightly super- 
saturated the filtrate with baryta- water; filtered again, and evaporated 
the filtrate to dryness ; washed the residue with water ; dissolved it 
in alcohol; and by evaporating the filtrate, obtained an uncrystallizable 
baryta-salt, which had a pungent and afterwards sweetish taste, and 
when heated gave off, besides sulphur, sulphurous acid, and sulphu- 
retted hydrogen, a vapour having a sour, empyreumatic and very pungent 
odour, and left a residue of sulphide of barium mixed with charcoal. 
By decomposing the aqueous solution of the baryta-salt with sulphuric 
acid, and filtering, Chevreul obtained the aqueous acid, which when 
evaporated, formed a very sour syrup, yielding when heated, products 
similar to those obtained from the baryta-salt, and emitting a still more 
pungent odour. 


H Biethylin. 

Bbrthelot. N, Ann, GMm. PJiys , 41, 305. 

DmthfUne (Berthelot) ; Biethyloglifcerine. 

Formation and Preparation, By the action of hydrobromic ether on 
glycerine in presence of potash. 

CeHSQS + 2C‘*H5Br = 2HBr + 

A mixture of glycerine, hydrobromic ether, and excess of potash is 
heated in a sealed tube to 100° for 24 hours. Two liquids are then found 
in the tube, the lower consisting of glycerine and bromide of potassium 
partly crystallized; the upper of undecomposed hydrobromic ether and 
biethylin. On distilling this upper layer, the hydrobromic ether distils 
over at 40°, and almost immediately afterwards, the temperature rises to 
191°, at which point the biethylin distils over. 

Properties, Transparent, colourless oil, tolerably mobile. Sp. gr. 0*92 
Boils at 191°. Odour ethereal and somewhat pejqjery (Berthelot), 
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14 C 

84 . 

... 56*7 

Berthelot {mean). 
56-0 

16 H 

16 . 

... 10-8 

10-8 

6 0 

48 . 

... 32-5 

33*2 



148 . 

... 100-0 

100*0 


May be regarded as a conjugate compound of 2 At, etbylcne with 1 At. glycerine, 
or as glycerine in which 2 At. H are replaced by ethyl. [W]. 

Biethyline enclosed in a sealed tube with pure lime, and heated at 
one end with the precaution of returning the liquid to the red-hot lime, 
emits an odour of acrol. — Distilled with a mixture of 1 pt. sulphuric and 
8 pts. of butyric acid, it yields butyric ether (Berthclot). 


IF Acetin. C“H“08=C^H20^C'=H«0'=C«j(^lppQ,,}0'. 

Berthelot. iV, Ann, Chim, Fhys, 41, 277. 

MonoacUine^ Othyloglylcerine, 

Obtained by heating a mixture of glycerine and glacial acetic acid to 
1 00° for 24 hours. — An acetin is also formed, but in very minute quantity, when 
the two liquids are left in contact for three months at ordinary temperatures. — Hydro- 
chloric acid heated to 100'* with acetic acid and glycerine, yields after 9 days, an acetin 
mixed with chlorhydrin. — Acetin is not obtained by distilling glycerine with a mixture 
of sulphuric and acetic acid (Berthelot). 

Neutral liquid having a slightly ethereal odour. Sp. gr. 1’20. 


10 C 

60 . 

... 44*8 

Berthelot {mean). 
45-8 

10 H 

10 . 

... 7*5 

7*5 

8 0 

8 . 

... 47*7 

46*7 



78 . 

... 100*0 

100*0 


May be regarded as 1 At. glycerine coupled with 1 At. othylene (a nucleus derived 
from ethylene, by the substitution of 20 for 211), or as glycerine in which 1 At. 

H is replaced by othyl. [W.] 

Acetin treated with alcohol and hydrochloric acid, yields glycerine 
and acetic ether. — Mixed with half its bulk of water, it forms a clear 
liquid, which becomes turbid on the addition of two more volumes of 
water, but the acetin does not separate from it; the emulsion continues 
opalescent, notwithstanding the addition of a large quantity of water. 

Acetin mixes with ether (Berthelot). 


T Biacetin. 

Berthelot. IT, Ann. Chim, Phys. 41, 27S. 

Diac^tine, BiothyloglycerinQ, Acetidine* 

Obtained: 1. By heating glacial acetic acid with excess of glycerine 
to 200° for three hours, — 2, By heating the same two liquids together 
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to 275®. — S. By heating glycerine to 200° with acetic acid diluted with 
an equal bulk of water. — 4. By heating to 200^ a mixture of 1 pt. 
glycerine and 4 or 5 pts. acetic acid, — The product is purified by 
saturating the free acid with carbonate of potash and distilling. — 
The liquid thus neutralized often separates into two layers, each of which contains an 
acetin ; the upper liquid appears also to contain an acetoglyceraie of2)ota87i. 

Biacetin is a neutral odoriferous liquid, having a sharp taste. When 
carefully heated, it boils at 280*^, and distils without alteration. Sp, gr. 
of the distilled product = 1*184 at 16-5°j of another sample, prepared 
at 170° and not distilled, 1*188 at 13°. When cooled to —-40°, it assumes 
a viscid consistence, like olive oil on the point of solidifying. 


14 C 


.. 47-8 

Bertlielot (mean). 
47-5 

12 H 

12 

.. 6*8 

7-1 

10 0 

10 . 

.. 45*4 

45*4 



106 . 

.. 100*0 

100*0 


Biacetin, like acetic ether, becomes slightly acid by contact with the 
air; in months in the dark, it absorbs 1 per cent of oxygen. In 
contact with brass, it absorbs, like acetic ethei*, 5 per cent in the same 
time. — Treated, in the cold, with hydrochloric acid and alcohol, it 
yields acetic ether and glycerine. — Treated with baryta, it yields 
syrupy glycerine and acetate of baryta-, w'hich may be separated by 
cold alpoholj 100 pts. of biethylin thus treated yield a quantity of acetate 
of baryta corresponding to 6 6 '4 pts, of acetic acid, and 52*4 of glycerine, 
making together 118*8 pts.; calculation requires CS‘2 pts. acetic acid 
and 52*3 glycerine, making together 120*5 pts. 

Biacetin mixes with Ether and dissolves in Benzine, but is nearly or 
quite insoluble in bisulphide of carbon (Berthelot). 


t Triacetin. 

Berthelot. W. A^in, Cliim, Ehjs^ 41, 282. 

TriotJiylirif Triothyloglycerine, 

Obtained by heating biacetin to 250° for three hours with 15 to 20 
times its weight of glacial acetic acid. 

Neutral, odoriferous liquid, having a sharp and somewhat bitter 
taste. Sp. gr. 1*174 at 8°, Volatilizes without residue. 

Berthelot (mean) 


18 C 

108 

... 49*6 ... 

49-9 

14 H 

14 

... 6*4 ... 

6*8 

12 0 

96 . 

... 44*0 .. 

43*3 



218 . 

... 100 0 ... 

100*0 


Triacetin treated at ordinary temperatures with alcohol and hydro- 
chloric acid, yields acetic ether and glycerine. — With baryta, it yields 
glycerine and acetate of baryta. 100 pts. thus treated yielded 80*0 pts. 
acetic acid and 43*1 glycerine = 123*7; calculation requires 82*0 acetic 
acid and 42*2 glycerine = 124*8. 

VOL. IX. “ 2 k: 
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Triacetin is insoluble in water, and does not mix ts^itb it. Dissolves 
very readily in dilute alcohol (Bertbelot). 

A compound of acetic acid and glycerine, probably triacetin, appears to exist in 
cod-liver oil (Jongh, Berz. Jahresber. 1843), and in considerable quantity in the oil of 
Euonymus euro^icBus (Scbweizer, J, pr. C/iem, 53, 437 ; jAnn. Pha?'m. 80, 288^ Jah-- 
resber. L. ^ K. 1851, 444). 


IT. Chlorine-nucleus, C®H^C10*. 

Chlorliydrin. C®H^C10‘. 

Bebtheiot. N. Ann. CMm. Phys. 41, 296. 

MonocMorJiydrine, 

Obtained by saturating gently beated glycerine with hydrocbloric 
acid gas: 

+ HCl = CGH^CiO^ + 2HO. 

The liquid, after saturation, must be kept at a temperature of 100® for 
36 hours; otherwise the product is extremely small. The solution is 
then saturated with carbonate of soda, agitated with ether, and the ether 
evaporated. On distilling the residue, the chlorhydrin distils over at 
227®. It must be treated once more with carbonate of soda and ether. — 
A chlorhydrin is also obtained, but in very small quantity, by slowly distilling glycerine 
in a stream of hydrochloric acid gas. 

Neutral oil, having a fresh ethereal odour and a sweet taste, with 
pungent after-taste. Sp. gr. 1*31, Ketains its fluidity perfectly at — 35°. 
Boils at 227®. 


6 C 

48-0 . 

... 32-6 .. 

Bertbelot. 
32-9 

7 H 


... 6-3 .. 

6-8 

Cl 

35-4 . 

... 32*1 .. 

30*8 

4 0 

32 0 . 

... 29-0 „ 

29*5 

C'E^'CIO" 

122-4 . 

... 100*0 .. 

lOO'O 


May be regarded as chloride of glycyl, C^>H70'*,C1, or as a chlorine-nucleus derived 
from the oxygen-nucleus C^dl®0**, by the substitution of ICl for HI. 

Chlorhydrin burns with a white, green-edged flame, emitting hydro- 
chloric acid. — Oxide of lead saponifies it slowly and with difficulty, 
yielding quantities of glycerine and hydrochloric acid nearly propor- 
tional to the atomic weights of those bodies. — Does not precipitate 
nitrate of silver, at least not immediately. 

Chlorhydrin mixes with its own bulk of Water, With 8 or 10 times 
its bulk of water, it forms a very stable emulsion, which remains unal- 
tered, after being left at rest for a month. — It also mixes with Miher 
(Bertbelot). 

Aceto-chlorhydrin. C^oH^ClO® = C‘’'H’C10* -f C^H^Ol Obtained, 
together with bichlorhydrin, by jjassing hydrochloric acid gas to satura- 
tion through a mixture of acetic acid and glycerine kept at a temperature 
of 100® for several hours; leaving the liquid to itself for several days 
or weeks; and then saturating it with carbonate of soda. Acetochlorhy- 
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drin tben separates in the form of a neutral oil, very fluid, nearly inso- 
luble in water, and haying a very decided odour, like that of acetic acid. 
It remains liquid at —40^, but solidifies in a transparent mass at —78°. 
Boils between 180° and 200°. By analysis it was found to contain 31 *9 
p.c. C, 5'2 H, and 40*0 Cl. The aboye formula requires 394 C, 5*9 H, 
and 23*3 Cl, and that of bichlorhydrin {inf."), gives 27*9 C, 4*7 H, 
and 54*6. The composition of the oil is therefore that of a mixture of 
acetochlorhydrin and bichlorhydrin. By repeated fractional distillation, 
a substance separates from it which boils at 180° and appears to be 
bichlorhydrin; the remainder boils between 190° and 230°, without exhi- 
biting a fixed boiling point. 

Acetochlorhydrin may be regarded as chlorhydrin having 1 At. H 
replaced by othyl, C^H^O^; or as 1 At. chlorhydrin coupled with 1 At. 
othylene, (Berthelot, N, Ann. Chim. Fhys. 41, 303), 

The three following compounds are derived from different nuclei. 

Bichlorhydrin, C®H®CPO^. — Obtained by dissolving glycerine in 1 0 
or 12 times its weight of fuming hydrochloric acid, and heating the 
solution to 100° for three or four days; then saturating with carbonate of 
potash, agitating with ether, and evaporating the ether, first in the water- 
bath, then in vacuo. The liquid thus obtained is nearly pure bichlorhy- 
drin; it begins to boil at 178°, and passes over constantly at that tem- 
perature to the end: 

CSHSQS + 2HC1 CCH^CIW + 4HO; 

Bichlorhydrin is also formed, though in small quantity, in the preparation 
of monochlorhydrin (p. 498); it is then found among the earlier portions 
of the distillate. 

Neutral oil, having a very decided ethereal odour. Sp. gr. 1*37. 
Boils at 1 7 8° Remains perfectly fluid at — 35°, 


6 C 

36-0 . 

... 28*0 ... 

Berthelot. 
27-6 

6 H 

6-0 . 

... 4-7 

5-0 

2 Cl 

70-8 . 

... 54-9 ... 

53-7 

2 0 

160 . 

... 12-4 ... 

13-7 



128-8 

... 100-0 ... 

100-0 


Primary nucleus oxygen-nucleus C^HSQ-; chlorine-nucleus C^H^CPO^; — 

or primary nucleus chlorine-nucleus bichlorhydrin — C®H®CP,C)^. 

Bichlorhydrin burns with a white green-edged flame, giving off 
hydrochloric acid. — When treated with potash, even in the cold, it soon 
deposits crystals of chloride of potassium. After a sufficiently pro- 
longed reaction at 100° in a close vessel, the liquid no longer contains 
any substance soluble in ether. It contains a considerable quantity of 
chlorides, and if evaporated, after the addition of hydrochloric acid, 
forms a syrupy liquid, which, when treated successively with alcohol and 
oxide of silver, yields glycerine. 

Bichlorhydrin mixes with ether, but does not form a stable emulsion 
with water (Berthelot, JV. Ann. Chim. Bhys. 41, 297). 

Epkhlorhydrin, C®H®C10® 1 — Formed by the action of hydrochlo- 
ric acid upon biohlorydrin. 1. Several flasks of 1 litre capacity were 

2 K 2 
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filled witli dry liydrocliloric acid gas; about a gramme of biclilorliydrln 
introduced into each; the flasks then sealed, and kept for 62 hours at 
100°. The acid was then neutralized with potash, and the liquid dis- 
tilled. The first portions of water that passed over were aocom2)anicd 
by a limpid liquid heavier than water, and having an ethereal odour ju.st 
like that of hydrochloric other, but more persistent. Sp. gr. between 
1-2 and 1‘3. — 2. A solution of bichlorhytlrin in 15 to 20 times its 
weight of fuming hydrochloric acid was kept at a temperature of 100° 
for fifteen hours, tins liquid then neutralized with lime, and distilled. An 
oil was thus obtained exactly resembling the preceding in odour and 
other properties; it distilled between 120° and 130°. 


Bcrthelot. 


6C 

36-0 „ 

... 38*9 .... 

(1) 

.... 38-1 . 

(2) 

... 36-2 

5 H 

5*0 . 

... 5-4 .... 

.... 5*4 . 

... 6-2 

Cl 

35‘4 . 

... 38-3 .... 

.... . 

... 38-9 

20 

16-0 . 

... 17-4 .... 

.... 

... 18-7 

C®H®C102 

92-4 . 

... 100-0 .... 

.#.* * 

... lOO'O 


Primary nucleus C'’H^ ; clilorine-nucleus C^IP'^CIO". — The formula of this body 
must not be regarded as definitely established, as it was probably not obtained in a state 
of purity. The formula agrees, however, with the results of the action of potash 
on the compound {vid, inf.) and with its comparatively low boiling point. For, 
chlorhydrin, 0*^117010^ boils at 227° and epichlorbydrin, which differs from it by 2HO, 
boils at 120° or 130°. Now, according to VII, Cl, the abstraction of 2 HO lowers 
the boiling point of a compound by about 110°. 

EplcWortydrin (prepared by tlie second process), is decomposed ly 
potash at 100°, yielding an alkaline liquid, which contains a considerable 
quantity of chlorides; does not give off inflammable vapours when boiled; 
gives up nothing to ether; and when treated successively with hydro- 
chloric acid and absolute alcohol, yields a considerable quantity of a 
syrupy substance, which is deliquescent, nearly fixed, and similar to or 
identical with glycerine (Berthclot, iV; Ann. Chim. Fhys. 41, 299). 

lodhjdrin. — Obtained by saturating glycerine with 

liydriodic acid, keeping the liquid in a close vessel at 100° for forty hours, 
and then treating it with potash and ether: 

2CSHW + HI = + GHO. 

Syrupy liquid, which exhibits a golden iridescence, has a saccharine 
taste, is not volatile, but burns without residue, emitting vapours of 
iodine. Treated with potash at 100®, it is very slowly decomposed, 
yielding glycerine, iodide of potassium, and a liquid which is free from 
iodine, soluble in ether, volatilizes pretty easily, and is composed of 
3HO. 

lodhydrin dissolves one-fifth of its volume of water. It is insoluble 
in water, but soluble in alcohol. 

The iodine contained in cod-liver oil and other oils of like nature, 
may possibly be in the form of this or some similar compound (Berthelot 
& l)e Luca, Compt. rend. 39, 748), 
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Mro-nnckiis, C«H’X®0^ 

T Nitroglycerine. C°N’H’0“=C'H‘>X’0‘. 

SoBRERO. Compt, rend. 24j 247. 

R. Eailton. Soc. Qu. J. 7, 222. 

Discovered by Sobrero ; more minutely investigated by Railton. 

Formation. By the action of a mixture of strong nitric acid and oil 
of vitriol on glycerine at low temperatures (Sobrero^ p. 488). 

Preparation. Syrupy glycerine is slowly dropped into a mixture of 
equal volumes of strong nitric and sulphuric acids^ kept cool by immersing 
the containing vessel in icc-cold water, the mixture being well shaken 
and cooled after each addition. The product which floats on the surface 
after a while^ in the form of an oily liquid, is poured into cold distilled 
water, repeatedly washed with water by decantation, and afterwards^ freed 
as much as possible from the water by drying with blotting paper (Rail- 
ton). — Sobrero used a mixture of 1 vol. nitric and 2 vol. oil of vitriol 
kept cool by a freezing mixture, and, after washing the product with water, 
dissolved it in alcohol and precipitated by water, or dissolved it in ether, 
and evaporated the ether, and afterwards dried the product in vacuo over 
oil of vitriol (p. 488). According to Railton, however, it cannot be dried 
in vacuo, as it is thereby rapidly decomposed. 

Properties. Pale yellow liquid (Sobrero) heavier than water 
(Sobrero, Railton); inodorous, but has a sweet pungent and aromatic 
taste; and when placed upon the tongue, even in very small quantity, 
produces headache, which lasts for several hours (Sobrero). 


Calculation, according to Eailton. 


6C 

36 

17*06 

3N 

42 

19-91 

5H 

5 

2-37 

16 0 

128 

60*66 

C6H5X=0< 

211 

... . 100*00 


Railton, by burning the substance with oxide of copper in a tube Iiaving metallic 
copper at its open end, obtained a mixture of 1 vol. N to 2 vol. CO“^, showing that it 
contains 1 At. N. to 2C, or 3N to 6C. The hydrogen could not he determined, in 
consequence of the impossibility of drying the substance completely. 

Nitroglycerine boiled for some time with aqueous potash is decom- 
posed, with formation of glycerine and nitrate of potash (Railton). 

C6H5(N0^)®0« + 3(KO,HO) - C^HSO^ + 3(KO,NO^). 

It is slightly soluble in Water; dissolves more readily in Alcofiol and 
Ether (Railton) T. 
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GonpomdB probally formed from the nudm 

1. Nitacrol. 

Rebtenbacher. Ann. Pham, 5*7, 145. 

Tilled. Ann. Pharm. 67, 106. 

Clioloidic acid is distilled to one-fiftli, witli five times its volume of 
strong nitric acid; and in case red fumes are given off at tbe end of the 
])r()cess, the distillate is poured bach:, or fresh nitric acid added, and the 
distillation repeated till no more red vapours appear; the distillate then 
diluted with twice its bulk of water, again poured back, and redistilled. 
A crystalline, yollowisli-white, thickish mixture of choloidic, cholesteric, 
and oxalic acid then remains, and a colourless or brownish, strongly acid 
watery distillate is obtained, having an intensely pungent and intoxica- 
ting odour, and below* it, an oil having the same odour. The watery 
distillate is decanted from the heavy oil, and once more partially ’distilled, 
whereupon nitric oxide is given off, and a little more of the heavy oil 
passes over (the watery distillate contains acetic, cupric, caprylic, and 
perhaps also valerianic and butyric acids). 

The whole of the heavy oil thus obtained, after being freed from 
alhering acids by washing with water, is colourless or pale yellow; much 
heavier than water; has an intensely pungent and intoxicating odour; 
excites tears, produces headache when inhaled; reddens litmus, dissolves 
sparingly in water, but readily in alcohol; and dissolves fats and soapy 
acids. 

Decomposes at 100'^ with moderate detonation and bluish flame. — 
With aqueous potash, it is resolved into a yellow solution of JSfitrochola^e 
of potashj which, if the potash is sufficiently concentrated, separates out 
in] yellow crystals,— and Cholacrol, which settles to the bottom in the 
form of an oil of different odour (Redtenbacher). 

Nitacrol is also obtained, when cenanthyl is dropped into strong 
nitric acid, the mixture distilled, the distillate containing nitric acid, 
caproic acid, and nitacrol, diluted with water, and the drops of nitacrol 
which sink to the bottom, washed with water. — This also is a colourless 
oil, heavier than water, and having a sharp, penetrating odour which 
strongly irritates the mucous membrane of the nose. When heated to 
100° in contact with water, it is resolved into nitrous acid and cholacrol; 
it likewise colours potash-solution intensely yellow, forming at the same 
time yellow crystals doubtless consisting of nitrocholate of potash, and 
a heavy transparent, and somewhat yellowish oil, the odour of which is 
nearly as intense as that of nitacrol, but in the dilute state resembles 
that of cinnamon. — Many other organic compounds appear also to yield 
nitacrol when heated with nitric acid, inasmuch as the resulting distillate 
assumes a yellow colour when treated with potash (Tilley). 



CHOLACKOL. 


503 


2 . Nitrocholic Acid. c«N®H*0*®=C°N*X^H*,0* i 

Kedtenbacher, Ann, Pharm , 57 , 145. 

Nitrocholate of Potash, — Nitacrol is left for several days in contact 
witli cold dilute potash, and the mixture frequently shaken; the yellow 
solution decanted from the cholacrol produced at the same time, and 
evaporated to the crystallizing point at a very gentle heat, or better, 
over oil of vitriol at ordinary temperatures. (The yellow mother-liquor, 
which yields no more crystals, smells like butter, and, when treated with 
dilute sulphuric acid, gives off nitrous fumes, then emits an odour of 
hydrocyanic acid and yields drops of oil smelling like fat, which rise to 
the surface. Alcohol likewise extracts from this mother-liquor a potash - 
salt containing a volatile soapy acid, — The preparation of nitrocholate 
of potash sometimes fails, the potash-solution assuming indeed a yellow 
colour when it first comes in«^contact with the nitracrol, but afterwards 
becoming suddenly violet-coloured, and yielding by evaporation, rose- 
coloured and violet crystals of another potash-salt, while the mother- 
liquor contains a large quantity of hydrocyanic acid). 

The crystals of nitrocholate of potash, purified by solution in water 
and slow evaporation, are of the size of peas, apparently of the form of 
ferrocyanide of potassium, lemon-yellow, lustrous, and of slightly in- 
toxicating odour. When dried in the air or in vacuo, and more quickly 
when heated, they burst into numerous fragments, which are scattered 
about, diffusing a powerful odour ; the crystals at 100'^. Their aqueous 
solution, when boiled for some time, yields nitrate of potash. Dilute 
sulphuric acid added to the solution of these crystals (or to the mother- 
liquor) separates nitrous, nitric, and hydrocyanic acid, and a fatty oil 
which rises to the surface (Redtenbacher). 

Calcolation according to Gm. Calculation acc. to Redtenbaclier. Redtenb. 

2 KO 94*4 .... 23*34 KO .... 47*2 .... 25*08 24*78 

6 C 36*0 8*90 2 C,... 12-0 6'37 7*91 

8N 112*0 27*70 4 N.... 56*0 29*76 29*98 

2 H 2*0 0*50 H 1*0 0*53 0*59 

20 O 160*0 39*56 9 O 72*0 38*26 36*74 

CWXWKW 404*4 .... 100*00 188*2 .... 100*00 100*00 

The crystals with which the analysis was made were freed from the mother-liquor 
by pressure between paper. 


3. CholacroL 

Redtenbacher. Ann, Pharm, 57, 145. 

The heavy oil which separates out when nitacrol is treated with 
aqueous potash (p. 502). It is afterwards washed with water till it be- 
comes neutral. , i. • ^ • 

Pale yellow oil, heavier than water, and having a pungent, intoxica- 
ting. cinnamon-like odour. Neutral, 
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Decomposes at 100°, witli evolution of nitrous fumes, sometimes also 
with slight fletonation and emission of light, whilst a small quantity of 
liquid having a fatty odour remains behind. 

Dissolves sparingly in water, not very abundantly in acids or alkalis, 
but readily in alcohol and ether (Rcdtenbachcr). 


Dried over chloride of calcium. 

Redtenbachcr. 

8 C 

48 .... 25-94 .. 

26*-15 

2N 


15-28 

5H 


2-81 

13 0 

104 .... 56-22 .. 

55-76 



185 .... 100*00 . 

100-00 


[Redteubaclicr’s formula certainly agrees closely with the analysis, hut it is very 
mprobable] . 
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Page 308. 

Nitrite of Methyls C“H^O,NO^ — Obtained: 1. By treating wood- 
spirit with a mixture of nitric and arsenions acids. — 2. By the action of 
nitric acid on brucine: 

C4GH26N308 ^ 5(N0SH0) = + C^H22N^Oi8 + + 2NOH 4HO. 

Brucine. Nitrite of methyl, Cacotheline. Oxalic acid. 

Very volatile, boiling at — 12*5°; has an odour like that of nitrous ether, 
and burns with a pale flame slightly tinged with green. With alcoholic 
potash, it yields nitrite of potash. Vapour-density = 0*991 (Strecker, 
Ann. Pliarm. 91, 81; ahstr. Compt. rend. 39, 49; Glmn Soo, Qw. 

7, 274), 


Page 320, 

Trimeihjlamine. — The hydriodate of this base is obtained by the 
action of iodide of methyl on aldehyde-ammonia. On mixing a clear 
solution of aldehyde-ammonia in a small quantity of alcohol with excess 
of iodide of methyl, needle-shaped crystals are formed in a few hours 
even at ordinary temperatures, the liquid at the same time becoming 
continually darker in colour; the action is complete in 24 hours. — The 
crystals are colourless and soluble in water. Heated on platinum foil, 
they are decomposed, with separation of charcoal. They emit an 
ammoniacal odour when heated with potash or lime ; and their solution 
mixed with nitrate of silver yields a copious precipitate of iodide of silver 
(Man Saenz Diez, Ann. Pham. 90, 299), 


6 C 

36 

.... 19*35 

Saenz Diez, 
18*63 

10 H 

10 

.... 5*38 .. 

...... 5*44 

N 

14 

7*53 


I 


.... 67*74 .. 

68*27 

(C?H3)3N,HI 

186 

.... lOO'OO 
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Page 329. 

StannmethyL C^H^Sn. — Formed hj the action of tin on iodide of 
metliyl (FranMand; Caliours & Eiclic). Wlion iodide of metliyl and 
ruotailic tin are heated together in sealed glass tubes to a temperature 
between 150° and 180° the action is complete in the course of 15 to 20 
liours, and the liquid contained in the tubes solidifies on cooling. The 
mass when distilled yields, first, from 105° upwards, a colourless, strong- 
smelling liquid, which does not solidify at 0°, — then, between 220° and 
225°, the greater portion of the yolatile product, amounting to of the sub- 
stance used. This latter portion solidifies on cooling in a crystalline mass 
which, when fused, partially solidified, and separated by decantation from 
the remaining fluid portion, yields beautiful oblique rhombic prisms of 
iodide of stannmetliyl, C^H^Sn,!, melting at 34°, moderately soluble in 
water, more soluble in alcohol, but dissolving in ether in all proportions. 
Ammonia added to the aqueous solution thro\ys down oscide of stannmetliyl 
as a white amorphous precipitate, which is soluble in excess of potash, 
insoluble in alcohol and ether, and dissolves in acids, forming crystal- 
lizable salts: e,gfi\\Q c7i^oriic?0=C^H^Sn,Cl; the sulphate =C^H^SnO,80^, 
&c. (Cahours & Riche, Compt, rend. 26, 1001; Anii. Fliarm. 88, 316,* 
Jahresher. 1853, 48, 2). The salts are isomorphous with those of stanne- 
thyl (FranMand). — The pungent-smelling liquid formed simultaneously 
with iodide of stannmethyl, and boiling at about 200°, is the iodide of a 
radical polymeric with stannmethyl =:i(C^H®)®Sn’^,l; when treated with 
ammonia, it yields an oxide which likewise forms crystallizable salts with 
acids (Cahours & Riche). 


Page 347. 

Chloroform . — From experiments by A. Gunther, it appears that 
commercial chloroform is sometimes contaminated with Dutch liquid 
C^H^CP; a sample treated with alcoholic potash for the preparation of 
formic acid, yielded a considerable quantity of gaseous chloride of acetyl, 
C^EL^Cl, which is known to be formed by the action of alcoholic potash on 
Dutch liquid (p. 191 of this volume) but is not produced from pure chlo- 
roform under similar circumstances (Wohler, Ann. Fharm. 91, 127). 


Page 429. 

Hydroferrocyanic add. A cold-saturated solution of ferrocyanide of 
potassium mixed in small portions with an equal volume of hydrochloric 
acid free from iron, yields a snow-white, crystalline precipitate of pure 
hydroferrocyanic acid, which may be washed without loss with hydro- 
chloric acid. After drying in a tube, it may be dissolved in alcohol, and 
crystallized out by covering the solution with a stratum of ether. 
(Liebig, Ann, Pharm. 87, 127). 
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Page 426. 

Cyanide of Cadmium, — According to E. ScLiiler {Ann, Pham. 
87, 46 ; Jahresber. 1858, 404); pure aqueous cyanide of potassium added 
to a perfectly neutral and not too dilute solution of chloride of cadmium, 
yields a bulky white precipitate of cyanide of cadmium, CdCy, soluble in 
excess of cyanide of potassium. The washed precipitate is an amorphous 
powder, which is permanent in the air at ordinary temperatures, but 
when heated in an open vessel turns brown and afterwards black, and 
forms a brown deposit of cadmic oxide; heated in a glass tube, it does 
not give off water or form cadmic oxide; but covers the tube with a 
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Pago T. 

Cyanides of Copper and Cadmium, — a. 2C(lCy,Cu^Cy. — - Kccently 
precipitated cadmic liydrate dissolves very slowly in excess of hydro- 
cyanic acid, but quickly, and with, evolution of carbonic acid and cyanogen, 
on the addition of recently precipitated cupric carbonate. If the addition 
of the latter substance be discontinued before the oxide of cadmium is 
completely dissolved, there remains a lavender-blue residue, which dis- 
solves partially in boiling water (leaving pure oxide of cadmium) and 
forms a liquid, wdiich soon becomes turbid and deposits a viscid milky 
substance, becoming crystalline as it cools, and apparently consisting of a 
mixture of two different salts. But if the addition of carbonate of 
coi)por be continued till the cadmic oxide is completely dissolved, a 
liquid is obtained which is colourless at first, but afterwards assumes a 
purple red colour, gradually in the cold, more quickly at 20° to 25°, and 
after being concentrated at 100°, soon deposits crystals of a dingy brown- 
rod colour. The latter compound is sparingly soluble in cold water. 
From the solution in a small quantity of boiling water, it separates in 
the form of a red tenacious mass, which gradually solidifies to a net-work 
of crystals; but when recrystallized from a large quantity of boiling 
water, it forms shining, rose-coloured, oblique rhombic prisms, which are 
permanent in the air, and are not decomposed at 150°, but at higher 
temperatures become opaque, fuse, and quickly decompose (Schuler, 
Ann, Fharm, 87, 48). 



Dried at 100°. 


Schuler {mean). 

2 Cd 

112 .. 

.. 44*1 

45-5 

2 Cu 

64 .. 

.. 25-2 

24-5 

3 Cy 

78 .. 

.. 30-7 



2CdCy,Cu2Cy 254 .... lOO'O 

h. 2CdCy,CuCy. — When cadmic hydrate and cupric hydrate are 
dissolved together in hydrocyanic acid, and the colourless solution left to 
evaporate in the air, colourless, shining, oblique, rhombic prisms are 
obtained, which at 100° give off 18*4 p.c. of their weight, and crumble to 
a fine mealy powder. The salt is readily decomposed by acids. Both 
this and the preceding have a decided alkaline reaction and a peculiar 
metallic taste, leaving an irritating sensation in the throat (Schiiler, 
A7in, Pharm. 87, 52). 


2 Cd..... 

112 . 

.. 50-4 

Schuler (mean), 
50*0 

Cu 

32 . 

.. 13*9 

14*1 

3 Cy 

78 . 

.. 35*7 


2CdCy,CuCy 

222 

.. 100*0 
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Page 2o. 


Oijanide of Mercury and Qadmkm, 2CdCy,3HgCy. — A solution of 
cadmio hydrate and mercuric oxide in hydrocyanic acid, yields white 
ojjaque rectangular prisms^ permanent in the air and readily soluble in 
cold water (Schiilor, Ann. Pharm, 87, 54). 


2 Cd 112 .... 20*1 19*5 

3 Hg 300 .... 55-2 56*1 

5 Cy 130 .... 24-4 


2CdCy,3HgCy 542 ,... lOO'O 


Page 97. 

Sulphocyanides of Platinum, 

G, B. Buckton. Chem, Soc. Qu,J, 7, 22. 

Sulphocyanide of platinum forms two series of salts analogous to the 
chloroplatinites aud chloroplatinates, viz., the Sulphocya^ioplatinites or 
Plaiinod)mdphocyanides=^O^W'hi'?i^^^ MPt(CyS-)® = MCyS®4-PtCyS\ 
and the Sulphocyanoplatinates or l^latino-tersu^p/iocyanides = C^N^MPtS^ 
= MPt(CyS^)^ = MCyS^+Pt(CyS^)^ — The potassium-salts of these two 
series are formed by the action of sulphocyanide of platinum on protochlo- 
ricle or bichloride of platinum respectively. All the salts are strongly 
coloured, exhibiting all shades of colour from light yellow to deep red. 
They are quickly decomposed by heat, emitting a peculiar odour. — When 
a salt of either series is treated with chlorine or nitric acid, it is decom- 
posed, with formation of sulphuric and hydrocyanic acid, and deposition 
of a red or brown non-crystalline substance, which is insoluble in water 
and in alcohol, is not attacked by potash, but is coloured yellow by ammo- 
nia. This substance appears to be platinous sulphocyanide, PtCyS'; its 
analysis gave 8*53 and 8*72 p.c. C, 9*92 N, 18*77 S, 62*27 and 62*02 Pt, 
besides 0*39 and 0*15 H, — calculation requiring T’64 C, 8*93 N, 20*38 S, 
and 63*05 Pt. Its formation by the action of chlorine on snlphocyano- 
planate of potassium may be represented by the equation: 

S:Pt(CyS2)3+ 11C1 + 16HO-PtCyS2-f KH(S04)- + 2HSO^ + llHCl + 2HCy. 

Ammonia attacks the salts of both series, forming sulphocyanide of 
platosammonium (p. 515), 

The following table exhibits the reactions of the tvvo series of salts 
with various metallic solutions; 
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Reagents. 


S ulpliocyanoplatinites. 


Sulphocyanoplatinates. 


Neutral Lead salts 

Basic Lead salts 

Ferrous salts 

Cobalt salts 

Cuprous salts 

Cupric salts 

Mercurous salts 

Silver salts 

Auric salts 

Salts of Platosamine ... 
Salts of Diplatosamine 

Chromic acid 


Ferrocyanide of potassium.... 


No change i 

Pale yellow precipitate ....... 

No change 

No change 

Purplish-black precipitate.... 
Purplish- black precipitate. . . 
No precipitate ; liquid 
changes colour when heated 

Pale yellow precipitate 

Salmon-coloured precipitate 

Fine yellow precipitate 

Flesh-coloured precipitate... 

Copious reddish precipitate, 
with evolution of hydro- 
cyanic acid 

Nearly white precipitate on 
boiling 


Soluble golden laminae 
Fine red precipitate 
Black shining grains 
Orange-red precipitate 
Rich brown precipitate 
Brick-red precipitate 
Orange precipitate 

Red or orange precipitate 
Salmon-coloured precipitate 
Copious orange precipitate 
Fine vermillion-red precipi- 
tate 

No precipitate 


Prussian blue formed on 
boiling 


1. Snlpliocyanoplatinites, MPt(CyS^)^. 

Sulphocyanoplatinous acid. HPt(CyS®)’^. — Obtained by cautiously 
decomposing sulpbocyanoplatinite of barium with dilute sulphuric acid. 
The aqueous solution is speedily decomposed by evaporation, even in 
yacQO, the sulphur being oxidized at the expense of the water. The 
chief products of the decomposition arc hydros ulphocyanic acid and a red 
or yellow deposit, rich in platinum. 

Sulphocyanoplatinite of Potassium. • — Obtained : 1. By dissolving 
protochloride of platinum in sulphocyanide of potassium, tho solution 
being attended with considerable rise of temperature. — 2. Better, by the 
action of sulphocyanide of potassium on chloroplatinito of potassium, tho 
sulphocyanide being in excess (VI, 322). As sulpbocyanoplatinite of 
potassium is extremely soluble, and does not crystallize well by evapo- 
ration, it is best to use tho sulphocyanide of potassium in tho form of a 
concentrated solution, and to add the platinum-salt by small quantities at 
a time, so as to avoid too great a rise of temporaturo. Tho liquid on 
cooling deposits a mass of small needles, which must be purified from 
chloride of potassium by solution in strong alcohol, from which again tho 
salt is best recovered by spontaneous evaporation. The crystals are then 
pressed between paper to remove the excess of sulphocyanide of potas- 
sium, and the salt once more crystallized from an aqueous solution. 

Stellar groups of crystals, which, when examined by the microscope, 
appear like six-sided prisms of a fine red colour. They dissolve readily 
in 2|- pts. of water at 15*5°, and are soluble to any extent in warm 
alcohol. The solution of the pure salt is orange-red; a port-wine colour 
denotes impurity. The crystals are not deliquescent, and when perfectly 

dry, do not appear to he affected by a temperature of 100° The salt is 

decomposed by ammonia, yielding sulphocyanide of platosammouium. 
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wliicli crystallizes oufc^ and sulphocyanide of potassium wliicli remains in 
solution (p. 515). 


Crystals dried over oil of vitriol. Buckton. 


4 C 24 

2N 28 

4 S 64 

K 39 

Pt 99 


KPt(CyS2)2 254 


.... 9-44 9*34 

11*02 10 * 6'6 

.... 25*18 25*44 

.... 15*38 15*27 

.... 38*98 38*78 


.... 100*00 99*49 


SulpJiocyanopIatinite of Silver. Curdy precipitate^ seme's’ll at resem- 
bling snlpbocyanide of silver, partially soluble in ammonia, witb decom- 
position. Dissolves in sulpbocyanide of potassium, but the solution is 
decomposed by water. 





Buckton {mean). 

2 N 

.... 28 . 

... 8*66 

8*53 

4 S 

.... 64 . 

... 19*81 

19*40 

Ag 

Pt 

.... 108) 

.... 99i • 

... 64*08 

63*98 

4 C 

.... 24 . 

... 7*45 

6*94 

AgPt(CyS-02 .... 

.... 323 . 

... 100*00 



StdpliocyanopJatinite of Biplatosainmonium. — Obtained, as a bulky 
fl esb-coloured precipitate, by decomposing tbe chloride of diplatosammo- 
nium with a soluble sulpliocyanoplatinite. — Heated on platinum-foil, it 
gives ofi' ammoniacal gas, fuses into a black bubbling mass, and then 
burns like tinder, leaving bright spongy platinum. Tt is quite insoluble in 
water and in alcohol, but dilute hydrochloric acid dissolves it rather 
freely. 


Bucktou {mean). 

4 C 24 .... 6*90 6*65 


O ........... ....... 

6H 

6 

.... o »u .... 

.... 1-72 .... 

.... o on 
.... 1*19 

4 N 

56 

.... 16*09 


4S 

64 

.... 18*39 .... 

.... 18*62 

2 Pt 

198 

.... 56*90 .... 

.... 56*94 


PtHW,Pt,(CyS2)2 348 .... 100*00 


Polymeric with sulpliocyanide of platosammonium (p. 516). 


2. Sulphocyanoplatinates, MPt(CyS“)®. 

Stdpkoci/anoplaiinic Acid. HPt(CyS®)®. — Obtained by precipitating 
a warm and concentrated solution of tbe lead-salt with sulphuric acid. 
The filtered liquid is of a deep-red colour, and has a strongly acid taste. 
It displaces carbonic acid from its combination with the alkalis,^ and 
dissolves metallic zinc, with evolution of hydrogen and production of a 
yellow insoluble substance. When rapidly evaporated in vacuo, it leaves 
a confused semi-crystalline mass. When concentrated over the water- 
bath, it is qnickly decomposed, leaving a brown amorphous mass rich in 
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platinum. On distilling it at a gontlo heat, an acid licj^uid passes over 
containing hydrocyanic and hydrosulphocyanic acids. It combines directly 
^vith bases. 

Siilphoc^anoplaiinate of Ammonium, — The acid does not combine 
rapidly with free ammonia; but the salt is easily prepared by boiling 
I pt. of sulphate of ammonia for a few minutes in a strong solution of 
S-5 pts. of sulphocyanbplatinate of potassium; it may be separated after 
coolingj from the sulphates of ammonia and potash by moans of alcohol, 
and purified by recrystallization from hot water. Crystallizes in hexa- 
gonal plates of a fine crimson colour. It is stable at ordinary tempera- 
tures, but gives off the odour of sulphocyanic acid when its aqueous solu- 
tion is boiled. 


6C 

36 

.... 12-37 ... 

Buclcton. 
12*14 

4H 

4 

.... 1*38 ... 

1*56 

4N 

56 

.... 19*24 


6 S 

1)6 

.... 32-09 


Pt 

99 

.... 34-02 ... 

34*17 

NIDPt(CyS2)3 

291 

.... 100-00 



Sulpliocya7ioplathiaie of Fotassmm. — Freparailon. 1. By the action 
of sulphocyanide of potassium on bichloride of platinum. When 
bichloride of platinum is added to a cold solution of sulphocyanide of 
potassium, a precipitate of chloroplatinate of potassium is formed, with 
evolution of hydrosulphocyanic acid. But if the bichloride of platinum 
be poured into a strong solution of sulphocyanide of potassium, previously 
heated to 70° or 80°, no precipitate is formed, hut the liquor acquires a 
deep red colour, and on cooling deposits beautiful lamiiim of sulphocyano- 
platiliate of potassium. This process involves a considerable waste of sulphocyanide 
of potassium^ in consequence of the presence of free hydiochloric acid, which likewise, 
if the temperature rises above' a certain “point, decomposes the product, forming a 
brown flocculent precipitate (platinous sulphocyanide). — 2. Better ; A solution of 
4 pts. of chloroplatinate of potassium is added to a solution of 5 pts. of 
pure sulphocyauide of potassium (weighed in the fused state) in a mode- 
rate quantity of water, and the mixture heated nearly to the boiling 
point: 

KPtCl^ + SKCySS = ICPt(CyS2)8 + 3KCL 

A deficiency of the sulphocyanide must he avoided, as in that case an 
insoluble brown substance is formed, whicli renders the purification of 
the crystals very difficult. The filtered liquid, on cooling, deposits the 
sulphocyanoplatinate in beautiful crystals, often of a large size. To 
remove traces of chloride of potassium, the crystals may be redissolved 
in boiling alcohol, and the solution passed through a filter surrounded 
with hot water, to prevent too rapid crystallization. 

Froperties, Six-sided prisms or laniinm, of a deep carmine colour, 
and very nauseous taste. The aqueous solution yields the salt in hexa- 
gonal plates; but from the alcoholic solution it is often deposited in 
douMe six-sided pyramids united base to base, with their apices truncated. 
Permanent in the air at ordinary temperatures. The solution has a deep 
rod colour, becoming yellow when very dilute. One drop of the satu- 
rated solution gives a distinct yellow tinge to a gallon of water. 
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Dried in mcuo 

over oil of vitriol. 

Buckton {mean). 

6 C 

36 

.... 11*53 

11*72 

3N 

.... 42 

.... 13-46 

13*58 

6 S 

.... 96 

.... 30-76 

30*83 

K 

.... 39 

.... 12*52 

12*73 

Pt 

.... 99 

. . 31*73 

31*63 

KPt[CyS2)3 

.... 312 

.... 100*00 . 

100*29 


Deco7npodtions. 1. Sulpbocyanoplatinate of potassium is decomposed 
a red beat; yielding siilpl30cyanide of potassium, gaseous products, and 
reduced platinum. — 2. When /rcntly heated in contact with the air, it 
burns wiih a blue sulphurous flame and peculiar odour. — 3. Hydro- 
sulphuric acid converts it into hydrosulphocyanic acid, sulpliocyanide of 
potassium, and bisulphide of platinum: 

KPt(CyS2)3 + 2HS = PtS2 + KCyS^ + 2HCyS2. 

Similarly, wiih sulphide of ammonium: 

KPt(CyS2)3 + 2NH^S = PtS^ + KCyS^ + 2NH^CyS2. 

By precipitating a solution of 0-715 grm. of the salt with sulphide of ammoniumj heating 
the liquid on the water-bath till all traces of free ammonia had disappeared, then adding 
acetic acid, filtering from the bisulphide of platinum, and treating the clear liquid with 
nitrate of silver acidulated with a few drops of nitric acid to prevent the formation of acetate 
of silver, a precipitate of sulpliocyanide of silver was obtained, weighing 1-127 grm. and 
equivalent to 0*3999 grm. or 55*90 per cent of sulphocyanogen : calculation requires 
55-76. — 4. The salt is decomposed by strong sulphuric and hydrochloric 
acid. Nitric acid and chlorine likewise decompose it, yielding platinous 
sulphocyanide PtCyS^ and other products (p. 509). — 5. Ammonia and 
carbonate of ammonia added to a saturated solution of the salt, quickly 
decompose it, changing the colour to pale yellow in a few minutes and 
precipitating sulphocyanide of plaiosammonium in fine yellow needles; 
the liquid retaining in solution sulphate of potash, sulphocyanide of 
potassium, sulphocyanide of ammonium and cyanide of ammonium: 

6KPt(CyS2)3 + 8NH3 + 8HO - eNHsptCyS^ + 2(K0,S03) + 4KCjB^ + 2NW0jS^ 

+ 5HCyS2 -f HCy. 

6. Potash converts the salt into a red, gelatinous mass, without evolution 
of ammonia. — 7. When it is gently heated with carbonate of potash, 
carbonic acid is evolved; the mixture becomes partially decolorized; 
sulphocyanoplatinite of potassium is deposited; and the liquid retains in 
solution, sulphate of potash, sulphocyanide of potassium, and cyanide of 
potassium : 

6KPfc(CyS3)3 + 8(K0,C02) =6KPt(CyS2)2 + 2(KO,S03) + SKCyS^ 4- KCy + SCO^. 

8. A pure solution of sulpbocyanoplatinate of potassium does not produce 
a blood-red colour with ferric salts; but the mixture becomes nearly 
black and opaque wlien heated, from formation of a substance in heavy 
lustrous grains. 

Combinations* Dissolves in 12 pts. of Water at 60°, C; hut is much 
more soluble in boiling water, and still more in boiling Alcohol, 

Sulphocyanoplaiinale of Sodium. — Obtained by precipitating tbe lead- 
salt with sulphate of soda. Crystallizes readily in broad garnet-coloured 
tables, soluble in water an^ in alcohol. 
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Sul'pliocyanoplatinaie of Barium. — Prepared by dissolviDg 3 pts, of 
tlic dry potassium-salt in an aqueous solution of 1 pt. of clilorido of 
barium (or as an excess of the latter is desirable, 9 pts. KPt(CyS^)^ to 
4 pts. BaOl), evaporating tbo solution, and extracting with alcoliol. ^ — 
Crystallizes in long liattenod prisms of a deep red coloui’, and often of 
considerable size. Not so stable as the poiassinin-salt. 

^ulphocyaroplatinaie of Lead. — a. Basic. PbO,PbPt(CyS“)‘'’. — 
Obtained as a brilliant red precipitate on mixing the concentrated solu- 
tions of sulpiiocyanoplatinate of potassium and basic acetate of lead. 
Insoluble in water; readily soluble in dilute nitric and in acetic acid. 

Buckton. 

0 C 36 .... 7-49 


3N 

.... 42 ... 

8-73 


C S 

.... 96 ... 

19-96 


2 Pb 

.... 208 ... 

43-24 .... 

.... 43-46 

Pt 

.... 99 ... 

20-58 


PbO,PbPt{CyS2)3 .... 

.... 481 .... 

100-00 



6. dLeutml. PbPt(CyS^)^ — Precipitated in the form of brilliant 
golden hexagonal plates, on mixing the concentrated solutions of neutral 
acetate of lead and sulpiiocyanoplatinate of potassium. Soluble in 
alcohol; less soluble in cold water, with which it may be washed ; cannot 
bo crystallized from hot water without decomposition. 

Ferrous Std^diocyanopJatinate. — Obtained by adding a slightly acidu- 
lated solution or ferrous sulphate to a concentrated solution of snlphocy- 
anoplatinate of potassium. Black, crystalline precipitate, which, when 
examined by the microscope, is seen to be composed of shining six-sided 
lamina) with rounded edges. It is not affected by dilute sulphuric, hydro- 
chloric, or nitric acid; but strong nitric acid dissolves it, with formation of 
sulphuric acid. Cold solution of potash converts it into ferric oxide and 
a yellow liquid containing platinum and sulphocyanogen. It is insoluble 
in water and in alcohol. 

Buckton (mean). 


D 

3 N 

42 .... 

ii-yo .... 
13*95 .... 

.... ir/a 
.... 13*73 

0 S 

96 .... 

31-89 .... 

.... 32*08 

Pe 

28 .... 

9-30 .... 

.... 9*28 

Pt 

99 .... 

32-90 .... 

.... 33*23 


FePt(CyS2)3 301 .... 100-00 100-07 


Ferric jSulphocyanoplatinaie. — Prepared in like manner with a ferric 
salt, but is not precipitated till the mixture is boiled, Besembles the 
ferrous salt. 

Cupric Sulpiiocyanoplatinate. — Precipitated on mixing a solution of 
the potassium-salt with cupric sulphate. Exhibits a brick-dust red 
colour when first precipitated, but changes at a boiling heat to a black 
insoluble powder. Forms a fine green solution with ammonia, but on the 
addition of hydrochloric acid, the copper -salt is reproduced, with dark 
brown colour. 

Mercurous Sulpiiocyanoplatinate. — Heavy curdy precipitate, ob- 
tained by adding mercurous nitrate to sulpiiocyanoplatinate of potassium. 
Its colour is deep orange at first, but changes to a pale primrose-yellow, 
when the liquid is heated to the boiling point. 
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Buckton (mean)f 

6 C 36 .... 7-61 7-68 

3 N 42 .... 8-87 

6 S 96 .... 20*29 

2 Hg 200 .... 42*28 

Pfc 99 .... 20*95 ........ 21*04 


Hg3pt(CyS2)3 473 .... 100*00 


Mercurous sulpLocyanoplatinatej in the dry state, bears a considerable 
degree of heat without alteration. Heated in the air-bath to between 
140° and 150'^, it suddenly swells up into a substance having a peculiar 
metallic and arborescent appearance, somewhat like coarse tea, and 
emits a jet of spontaneously inflammable gas. The arborescent substance 
contains 23*49 per cent of platinum. No further change is observed till 
the temperature rises to 250°; but at a heat below redness, mercurial 
vapours and cyanogen gas are liberated; and finally, the mass, if exposed 
in an open crucible, burns away like tinder, leaving a residue of platinum. 
The salt, when subjected to dry distillation in a retort, yields a mixture 
of nitrogen gas and vapour of bisulphide of carbon, 

Sulphocyanoplatinaie of Silver, — Prepared by decomposing a solu- 
tion of the potassium-salt with nitrate of silver. Heavy, curdy, deep 
orange-coloured precipitate, which shrinks and agglutinates into a tena- 
cious mass when boiled with water, but hardens again on cooling. 

Buckton. 


6 C 

36 .. 

.. 9*44 

. 9*10 

3N 

42 . 

.. 11*12 


6S 

96 

.. 25*11 


Ag 

Pt 

........ 108) 

991 " 

.. 54*33 

, 64*32 

AgPt(CySS)s 

381 .. 

.. 100*00 



The dry salt, when gently heated, swells up considerably, and if in 
contact with the air, takes fire and burns with a blue flame. Before the 
blowpipe, it fuses into a metallic bead of silver and platinum, — Nitric 
acid decomposes it rapidly, with formation of sulphuric acid, evolution of 
nitric oxide, and precipitation of a yellow substance. — When recently 
precipitated, it dissolves in cold ammonia, but the solution decomposes at 
a higher temperature. The salt is decomposed by hot caustic potash, 
yielding snlphocyanide of potassium, binoxide of platinum, and oxide of 
silver: 

AgPfe(CyS2)3 + 3KO == SKCyS^ 4- PtO^ + AgO. 

It dissolves in snlphocyanide of potassium, but on adding water to the 
solution, snlphocyanide of silver is precipitated, and sulphocyanoplatinate 
of pota^ium remains in solution ; 

AgPt(CyS2)3 4- KCyS* = AgCyS^ 4- KPt(CyS2)3. 


Sulpkocyanide of Flatosammonium, — C^H^N^S^Pt = NH®Pt,CyS®. — 
Obtained ; 1. By the action of ammonia on sulphocyanoplatinite of 
potassium : 

KPt(CyS2)2 4- NH3 c=. NH3Pt,CyS2 4- KCyS^. 

2. By the action of ammonia or carbonate of ammonia on sulphocyano- 

2 L 2 
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platinate of potassium. (For the equation, mVL p. 513). Caustic ammonia 
acts more quickly tlian tlio carbonate, but must not be used in tlie con- 
centrated state, as tlie product is then contaminated with an insoluble 
substance. The crystals are collected on a filter, washed with cold water, 
and recrystallized from hot alcohol. — By double decomposition with 
sulphocyanide of potassium and chloride of platosammonium ; 

NI"DPt,Cl + KCyS2 = NtFPt.CySS + I^Cl. 

1 pt. of sulphocyanide of potassium and 1*6 pt. of chloride of platos- 
ammonium are dissolved together in water; the mixture heated nearly 
to its boiling point ; an equal volume of alcohol added to increase the 
solubility of the product ; and the liquid filtered hot. Sulphocyanide of 
platosammonium is then deposited in crystals on cooling. 

Straw-yellow needles, which, when examined by the microscope, 
appear to be rhomboidal prisms. Melts between [100° and 110°, to a 
clear garnet-coloured syrup, which hardens again as it cools. 

Buckton. 


2 C 12 .... 6-89 6-69 


Kj 

2N 

28 

.... o oir 

.... 16-09 .... 

... 15*89 


3 H 

3 

.... 1-74 .... 

... D81 


2 S 

32 

.... 18-39 .... 

... 18-55 


Ft 

99 

.... 5C-89 .... 

... 5C-7‘1 .... 

.... 56-88 

NH3Ft,CyS2 

174 

.... 100-00 .... 

.... 99*08 



Polymeric and metameric with sulphocyanoplatinite of diplatosammonium (p. 511) 
2(NH3Pt,CyS2) = [NH2Pt(NH^)],Pt,(CyS2)2.; 

Decomposes at 180°, giving oiOf ammonia and hydrocyanic acid, and 
if exposed to the air, evolves also sulphurous acid and leaves metallic 
platinum ; no sulphide of carbon is given off. It is not attacked by 
hydrochloric or by dilute sulphuric acid. — The aqueous solution pi'oduces 
no change in salts of copper, lead, or mercury ; hut when added to a 
solution of sulphate or nitrate of silver, it forms a light yellow precipi- 
tate containing platinum. When boiled, it gives off ammonia, and 
deposits the yellow insoluble matter above mentioned ; the same effect 
appears to be produced by caustic potash. 

The salt dissolves sparingly in cold water, more readily in alcohol. 


Page 109. 

JPseudosulphocyancgen. — Volckol (Ann, Fliarm, 89, 125) has re- 
examined the yellow substance precipitated by chlorine from solutions of 
the snlphocyanides. Jamieson, by analyzing a specimen which had been 
boiled wdtb water for a long time, obtained results from which he deduced 
the formula C^N^HS^HO. Volckel observed that, when the yellow 
substance was boiled with water, it yielded small quantities of hydrosul- 
phocyanic acid, sulphuretted hydrogen, and a yellow sulphuretted body 
soluble in water. ^ The pseudosnlphocyanogen at the same time became 
somewhat darker in colour, and gave by analysis numbers agreeing with 
Jamieson’s formula. But when pseudosnlphocyanogen which had not 
been boiled with water was dissolved, after perfect desiccation, in strong 
sulphuric acid, the yellow solution precipitated by water, and the sepa- 
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rated yellow fleets washed with cold water and thoroughly boiled with 
absolute alcohol, the product thus purified yielded numbers corresponding 
with the formula proposed by Laurent & Gerhardt. 


Voickel. 


4 C 

24 . 

... 20*51 .... 

... 20*20 .. 

.. 20*31 

2 N 

28 . 

... 23*93 



H 

1 

... 0*S5 .... 

.... 0*90 .. 

.. 0 91 

4 S 


... 54-71 



CWHS4 

117 . 

... 100*00 




It appears then that the additional HO found by Jamieson was due 
to the boiling with water, and that pseudosulphocyanogen is formed from 
hydrosulphocyanie acid by abstraction of hydrogen: 

2CSNHS2 -f Cl = eWHS^ + HCl. 


Page 127. 

Witroprussides, — • E. W. Davy has discovered for these compounds 
the following modes of formation, in addition to those given by Playfair: 
1. By the action of 3|- pts. hydrochloric acid diluted with twice its bulk 
of water on a mixture of 1 pt. ferrocyanide of potassium and 2 or 8 parts 
of chlorate of potash, at ordinary temperatures. — 2. By the action of an 
a(][ueous solution of hypochlorous acid on ferrocyanide of potassium at 
33^ to 43°. — 3. By exposing an aqueous solution of ferrocyanide ,^of 
potassium and chlorate of potash to sunshine. The action does not take place 
in the dark {PhiL Mag» [4], 6, 11). 


Page 130. 

Fitvoprumde of Totassium. — This salt maybe conveniently prepared 
by neutralizing with carbonate of potash the liquid obtained by decom- 
posing ferrocyanide of potassium with nitric acid, evaporating nearly to 
dryness, exhausting the residue with alcohol, or better with ether and 
alcohol, and leaving the solution to evaporate. The salt separates in 
ruby-coloured prisms, which, by one recrystallization, may be obtained 
nearly pure (J. B, Enz, Tiertdjah'esl)e7\ pr, Fharm. 2, 233 ; Jahresber. 
1853, 406). 


Page 163. 

Oleia'id gas. — The intumescence which causes so much inconvenience 
in the preparation of this gas with alcohol and oil of vitriol, may be 
completely prevented by adding to the mixture a sufficient quantity of 
sand to form a thick, scarcely fluid mass. When such a mixture is 
heated, scarcely any frothing takes place; the decomposition may bo 
carried almost to the end; and nearly all the carbon of the alcohol is 
obtained in the form of olefiant gas. 50 grammes of 80 p.c. spirit thus 
treated, yielded 22 litres of gas (Wohler, Ann. Flmm. 91? 127). 

2 n 3 
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Page 172. 

Oxide of Mhjl. — May bo obtained by tbe action of hydrobromic 
etber on an alcoholic solution of potash, the two liquids being enclosed in 
a sealed tube, and exposed for eight hours to a temperature of 100°: 

C'^H^Br + KO + C^I-F>02 = CWOoa + IvBr + HO. 

The reaction thus considered is analogous to tliat of iodide of ethyl on 
potassium-alcohol (VIII, 172). The lormation of the ether might, how- 
ever, be represented by the simpler equation : 

CTDBr + ICO = CWO -i- ICBr, 

the alcohol being supposed not to take a direct part in the decomposition, 
but merely to act as a solvent. In this case, however, 1 At. C^H®Br 
should produce 1 At. ether = C’^H^O, and the quantity of alcohol used 
would be indifferent 3 whereas, according to the former equation, 1 At. 
C^H®Br should produce 1 At. ether = tliat is to say, 

twice as much as on the other .hypothesis, and the quantity of alcohol 
required should be just 1 At. Moreover, if the decomposition takes 
place according to the first equation, we ought, by using wood-spirit 
instead of alcohol, to obtain vinomethylic ether. To decide this point, 
the following experiments were made: 

a, 22 grra. hydrobromic ether, heated to 100° for six hours with 
15 grm. of potash and 12 grm. absolute alcohol, yielded 12 grm. of 
oxide of ethyl. According to the first of the above equations, the 
quantity obtained should he 15 grm.; according to the second, only 7^. 
The result approaches as near to the former quantity as can he expected 
in an experiment of this nature, and shows that the alcohol is really 
concornecl in the reaction. 

5. 6 grm. of hydrobromic ether were heated to 100“ for six hours 
with an excess of potash and 2 grm. of absolute alcohol, the equivalent 
quantity being grra. The decomposition was incomplete, the product 
being a mixture of common ether and bromide of ethyl. 

c. Hydrobromic ether heated with potash and wood-spirit, yielded 
vinomethylic ether (Berth elot, iV. J. Fharm. xxvi. 25). 


Page 195. 

Formation of Alcohol from Ether. — Common ether heated to 3G0° in 
close vessels with benzoic, butyric, or palmitic acid, combines with the 
acids, forming benzoic, butyric, or palmitic ether; and these ethers, when 
decomposed by potash, yield alcohol (Bcrihelot, JSf. J. Fharm. 26, 28), 


Page 274. 

Aldehyde. — V olckel has found aldehyde among the products obtained 
by the dry distillation of sugar (iV. J. Fharm. 26, 159). 

Aldehyde-ammonia. «— For the action of iodide of methyl on this 
compound, see page 50,5, 
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Page 893. 

Carbonate of Etkyh — May be obtained by the action of iodide of 
etbyl on carbonate of silver: 

Ag0,C02 + C^HSI = Agl + C^H50,C02. 

On mixing tbe two substances in equal weights, distilling when the mass 
has become fdvj and pulverulent, and rectifying at 126"^, a product is 
obtained having the properties of carbonic ether, and yielding by analysis 
50’5 p.c. C and 8*5 H (Ph. de Clermont, Ann* Fharm* 91, 876). 


898. 

Fkosphaies of 'Ethyl. — The pyrophosphate and tribasic phosphate of 
ethyl are likewise obtained by the action of iodide of ethyl on the corre- 
sponding silver-salts. 

a* Eyrrophospliate. — Pure dry iodide of ethyl is inclosed, together 
with perfectly dry pyrophosphate of silver, in a sealed flask, and the 
mixture heated in the water-bath. The mass is then treated with ether; 
the liquid filtered from the iodide of silver; the ether distilled oflf in the 
water-bath; and the viscid residue dried by passing air through it at 130°, 
and afterwards heating it to 140° in vacuo: 

2Ag0,P05 + = 2AgI + 2C^H50,P0^ 

Yiscid liquid, of sp. gr. IT72 at 17°; has a peculiar odour and burn- 
ing taste. Bums, when heated, with a whitish flame, and diffuses white 
vapours. Potash decomposes it, with formation of a crystallizable, deli- 
quescent salt (probably 2C^H®0,K0,P0^). It is soluble in water, alcohol, 
and ether; soon turns acid when exposed to the air (it absorbed 14 p.c. 
water in a few days) ; and dissolves a small quantity of iodide of silver 
(De Clermont). 


8C 

48-0 

.... 33-0 

De Clermont 
33-7 

10 H 

10-0 

.... 6*9 

6-7 

2 O 

16-0 

.... 11-0 

10*3 

P05 

71*4 

.... 49-1 

49-3 


2Cm^O,VO^ 145-4 .... 100-0 100-0 


6. IHbasic Phosphate. — Iodide of ethyl acts but slightly on phosphate 
of silver at ordinary temperature, but completely at the heat of the water- 
bath. The mass is exhausted with ether; the liquid which remains after 
the evaporation of the ether, heated in an oil-bath to 160° at which tem- 
perature it does not boil; and distilled in vacuo at 140°. (TEe liquid which 
remains at this temperature is very visdd and sour, and absorbs moisture rapidly from 
the air). The distillate is phosphate of ethyl. 

Colourless liquid, which smells like the preceding compound; has a 
burning taste; forms an acid mixture with water; and bums, when heated 
with a white flame, emitting white fumes (De Clermont). 
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12 C 

72*0 

.. 39*5 . 

De Clermont. 
39*1 

15 H 

15*0 .. 

8*2 . 

8*4 

3 0 ; 

24*0 .. 

.. 13 *2 


PQS 

71*4 .. 

.. 39*1 



3OT-FO,PO« 182*4 .... 100*0 


Pages 487 and 488. 

Cyanate of Ethyl. — This liq^uid boils at 60°. Its spocific gravity is 
0*8981 j Vapour-density = 2*475. 

Wurtz. 


6C 

.. 36 

... 50*70 .... 

.... 50*51 .. 

.. 50*35 

5 H 

.. 5 . 

... 7*04 .... 

.... 7*19 .. 

.. 7-26 



.. 14 . 

... 19*72 .... 

.... 20*12 .. 

.. 19*89 

2 0 

.. 16 , 

... 22*54 



C2N(CTF)02 .. 

., 71 . 

... 100*00 




The calculation of the composition on page 488, Vol. VIII, is incorrect, 6C haTing 
been inadvertently estimated at 24, instead of 36. 

Cyanic ether when very pure does not decompose spontaneously, but 
may be kept unchanged in sealed tubes for years. 

Oyanate of Methyl. — Obtained by distilling a mixture of 2 pts, 
sulpliomethylate with 1 pt. cyanate of potash, the receiver being well 
cooled with a freezing mixture, and the uncondensed vapours passed, 
either into a chimney having a strong draught, or into a bottle containing 
a small quantity of caustic ammonia, and well cooled. The sulphomethy- 
late of potash used in the preparation should he well crystallized in 
tables, and the crystals, which are anhydrous, carefully freed from 
mechanically enclosed water. The product of the operation is a mixture 
of liquid cyanate and crystallized cyan urate of methyl, 

Cyanate of methyl, when rectified, is a light, colourless liquid, very 
mobile and volatile, boiling at about 40°. Its vapours are irritating and 
suffocating in the highest degree. 

Wurtz, 


4 C 

24 . 

... 42*10 .... 

.... 41*99 .. 

.. 42*39 

3 H 

3 . 

5*26 .... 

.... 5*37 .. 

5*56 

N 

14 . 

... 24*56 


20 

16 . 

... 28-08 



CSN(C2HS)b» 

... 57 . 

... 100*00 




Cyanate of methyl enclosed in a sealed tube and left to itself, is entirely 
transformed, in an interval of time yaryiiig from five minutes to fifteen 
days, into a crystalline mass of cyanurate; when the change takes place 
quickly, itjs attended with perceptible rise of temperature. Its reactions 
are similar to those of the ethyl-compound. Potash transforms it into 
carbonic acid and methylamine; ammonia unites with it, forming methyl- 
nrea; under the influence of water, it is resolved into carbonic acid and 
dimethyl-urea. (Wurtz iV. Ann.Chim. Phys, 42, 61). 
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Page 246. 

Ethylacetamide, — Obtained hj tlie action of cyanic etlier on an equal 
volume of glacial acetic acid. The liquids act upon each oilier at ordi- 
nary temperatures, carbonic acid being evolved; and, if a gentle beat be 
applied, the action is soon terminated, and there remains in the tube a 
liquid much less volatile than the original mixture. On distilling this 
liquid, the excess of acetic acid passes off first, and the temperature then 
rises rapidly to about 200°, at which point, ethylacetamide passes over in 
the form of a liquid perfectly neutral to test-paper. 

Pure ethylacetamide boils at 205° Its sp. gr. is 0*942 at 4*5°. It 
dissolves in all proportions in water and in alcohol, and is precipitated 
from its aqueous solution by potash in the cold, in the form of an oily 
liquid which floats on the alkaline solution (Wurtz, iV*. Ann. Chim, 
P/iys. 42, 53). 


Wurtz. 

8 C 48 .... 55-n 64-70 

9 H 9 .... 10-34 10-22 

N 14 .... 16-09 16-10 

2 0 16 .... 18-46 

f ^ 

87 .... 100*00 




Ethylodiacetamide. — Prepared by heating a mixture of about equal 
volumes of anhydrous acetic acid (boiling at 137°) and cyanic ether to 
180° —200°, in a very strong glass tube hermetically sealed. On opening 
the tube after cooling, a violent evolution of carbonic acid takes place, 
and the remaining brown liquid, when gently heated, gives off about 50 
times its volume of that gas. On distilling this liquid, the boiling point 
rises rapidly to 185°, and the greater part of the liquid passes over at 
about 192°. •— The distillate, which is ethylodiacetamide, is perfectly 
limpid and colourless; its density is 1*0092 at 20°. (Wurtz, W. Ann. 
Ghim. Fhys. 42, 45). 

Wurtz. 


12 

C 


.. 55*81 .... 

.... 55-69 

11 

H 

11 .. 

.. 8*53 .... 

.... 8-95 


N ............. 


.. 10*85 


2 

0 

32 .. 

.. 24*81 



(C*H5 

129 .... 100*00 

ICOTO^ 
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Eihyloformiamich. C'H’NO^ = NH,(C*H“)C^HO^ — Formed by the 
action of cyanic ether on inonohydrated formic acid; 

= n|c‘H5 ! + 2C02 
H f C<H») \c=HO=J 


Puro formic acid, prepared by decomposing formiate of load witli sul- 
pliurctted hydrogeio, and rectifying tlie product over an excess of formiate 
of lead, is mixed with cyanic ether. — Yiolont action immediately takes 
place, attended with rapid evolution of carbonic acid, which may be 
moderated by immersing the tube in ice-cold water. The evolution of 
gas then goes on for several hours; and when it is terminated, the tube 
is scaled and heated in the water-bath. On opening the tube after cool- 
ing, a final portion of carbonic acid escapes, and a colourless liquid is 
obtained containing an excess of cyanic ether. The greater part of this 
liquid passes over between 198° and 200°, and the product thus obtained 
is ethyl oformiamide. 

Transparent, colourless, neutral liquid, having a sweet taste. Sp. gr. 
0*967 at 2°, Boils at 199°. 


Wurtz, 

6C 36 .... 49’31 49-55 

7 H 7 .... 9-45 9-81 

N 14 .... 19-17 

2 0 16 .... 22-07 


f ^ 

K{Cn-P 73 .... 100-00 

|C2H02 


Ethyloformiamide is decomposed by potash at a boiling heat, yielding 
formiate of potash and ethylamine. 




H 

C2H02 


+ 



C2H02 

K 



It dissolves in all proportions in water and in alcohol (W* iirtz, W, Ann. 
Ohim. Phys, 42, 55). 


Page 276. 

Mt^iylu7'efhmie. — Obtained by the action of cyanic ether 

upon alcohol: 

C®H5N02 + cmw = 

A mixture of the two liquids in about equal volumes is enclosed in a sealed 
tube of hard glass, and heated in the water-bath for a few hours. The 
resulting liquid mixed with water, yields an oily layer lighter than water 
which, when decanted and distilled, passes over for the most part, between 
170° and 180°; and this distillate after several rectifications, yields ethylure- 
thane in the form of an oily liquid, having an odour something like that of 
carbonic ether. — Sometimes, however, after the ethylurethane has distilled over, and 
the boiling point has risen to 180°, the small quantity of liquid remaining in the retort 
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solidifies on cooling in a crystalline mass, consisting of diethylurea, (p. 291). 

The formation of this product is probably due to a secondary action, giving rise at the 
same time to the formation of a small quantity of carbonic ether ; thus, 

2C^H5N02 + 2C^PI603 = 2(C4H50,C02) + 

Etbyliiretliane is sometimes obtained in the preparation of cyanic 
ether, probably in conse(][uence of the cyanate of potash retaining a little 
alcohol. 

I^roperties, — Ethereal liquid, having a peculiar odour, much like that 
of carbonic ether. Sp. gr. 0*9862 at 21°. Boils at 174° — 175°. 
Y apour-density 4*071 . 

Wurtz. 


10 c 

60 .. 

.. 51-28 .. 

a. 

.. 51-34 .. 

1. 

.. 51-17 

C-vapour ,, 

.. 10 . 

... 4-lGOO 

11 H 

11 .. 

.. 9-40 .. 

.. 9-70 .. 

.. 9-60 

H-gas .. .. 

.. 11 

... 11-7623 

N 

14 .. 

.. 11-96 .. 

.. 11-61 .. 

.. 12-16 

N-gas 

.. 1 . 

... 0*9706 

4 0 

32 

.. 27-36 .. 

.. 28-35 .. 

.. 27-07 

0-gas 

.. 2 . 

... 2-2186 


117 .. 

.. lOO'OO .. 

.. 100-00 .. 

.. 100-00 


2' . 

... 8-1115 







1 . 

... 4-0557 


a is the mean of two analyses made with products obtained by the direct action of 
cyanic ether upon alcohol ; h, the mean of two analyses made with products obtained 
in the preparation of cyanic ether. 

Etliylure thane boiled with caustic potash is resolved into alcohol, 
ethylamine and carbonic acid; 

CiOHiiNO^ + 2;K0,H0) = CW02 + + 2(K0,C02). 

It mixes with sulphuric acid at ordinary temperatures, without 
decomposing; but on heating the mixture, carbonic acid is immediately 
evolved, and ethylamine produced together with sulphovinic acid; 

+ 2(H0,S03) =2C02 + CWN + C^HS02,2S03. 

(Wurtz, 37. Ann, CMm, FJiys, 42, 48). 

I) ietJiylur ethane, 0^ ? — Perhaps obtained by the action of 

cyanic acid upon ether: 

CGNH502 + 2C^H50 = 

The two liquids, however, exert very little action, if any, upon one 
another, even when enclosed together in sealed tubes, and subjected to 
very high temperatui'es and enormous pressures. On opening the tubes 
when cold, no evolution of gas was observed; and on distilling the con- 
tents, the original liquids were obtained unaltered; only at the end of the 
distillation, when the temperature had risen to 200°, there passed over a 
very small quantity of a liquid which might he diethylurethane; but the 
reactions obtained were not sufficiently marked to identify it (Wurtz). 
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rUlNTED BT BABBISOIT AND SONS, 
LONDON GAZETTE OEEICE, ST. MAETIN’S LANE. 



REPORT 

OF 

THE EIGHTH ANNIVERSARY MEETING 


OF THE 

CAVENDISH SOCIETY. 


The Anniversary Meeting of tlie Cavendish Society for the yeai 
1855, was held at the rooms of the Chemical Society, No. 5, 
Cavendish Square, on Thursday, the 1st of March, at three o'clock 
in the afternoon. 

The Chair was taken by Thomas Graham, Esa., F.R.S** 
pRESiDEKT, who Called upon the Secretary to read 

THE REPORT OF THE COUNCIL. 

“ During the last twelve months the Council have supplied to 
the Members the first volume of Professor Bischof’s ‘Elements 
of Chemical and Physical Geology/ which was due for 1853, 
together with two books for 1854, and one for 1855. Although 
this completes, up to the present year, the number of books which 
the Council originally held out the prospect of being enabled to 
provide, yet they purpose, as stated in last years Report, to supply 
sr book for 1854, This consists of an English edition of 

which' has been translated bj 
Dr. Wm. Odling, and will shortly be ready for tareuktioU. It is 
the work of a chemist, who, during his short , career, contributed 
much by his investigations to the advancement of chemical science, 
and to the development of what has been termed the nucleus- 
theory of the constitution of organic bodies. This theory having 
been adopted by Gmeein as the basis of the an*aiigement of bis 
organic chemistry, the Members of the Cavendish Society will 
doubtless feel an interest in perusing the last contribution to science 
with which Laurent was occupied up to the period of his death, 
and which comprises his matured 'siews in theoretic chemistry. 

“ The third volume of Lehmann's ‘ Physiological Chemistry/ 
which the Members have received as one of the books for 1854, 
completes that work. In preparing the translation of the con- 
cluding part, t%e editor, Dr. Dav, thought it desirable to make 
some additions bf new matter, with the view of bringiiig the work, 
including the two previous volumes, up to the present state of 
knowledge in reference to the sulgects treated of. This has in- 
creased the size of the volume beyond the limits which have beeh 
usually assigned to the books issued by the Society,, and will make 
the amount of matter suj^lied to ManbeVs for 1854 gi*eater than 
for most of the previous yearn. 

In their last Report, the Council referred to tbelainmted deafih 



of pROFEssou Gmeltn, wliicli involved in some uncertainty the 
final completion of tlio edition of his work, the translation of which 
forms so important a feature in tlio productions of the Cavendish 
Society. The Council have now much pleasure in being enabled 
to state that Babon Linmo, in conjunction with Du. Carl List, 
has undertaken to finish the remaining portion of the work, and 
already one number has been published by the new editors. This 
places beyond all doubt the question of the completion of this 
valuable system of chemistry, in a way calculated to maintain the 
high reputation the work has acquired- 

In the performance of the duties which have devolved upon the 
Council from year to year, it has frequently been found difficult to 
determine what number of each of th(' works ])uhliKhed by the 
Society should be printed. In considering this question with 
reference to Gmelin's ‘Idand-book of Chemistry,’ it was concluded 
to print a considerably larger number than was immediately 
required for the Members of the Society, the work being looked 
upon as one for which there would be a continued demand for many 
years. But it was thought that some of the other works of the 
Society, including Lehmann’s ‘Physiological Chemistry,’ might 
have a less permanent interest. The chemistry of animal phy- 
siology is in a state of progressive development, and the conclusions 
drawn from the facts hitherto established may he expected to 
undergo material changes in the course of a few years. Under this 
impression the number of copies printed of this work was but little 
more than sufficient to supply the Membei'S, and tbb whole impres- 
sion of the first volume has now been exhausted. A 
number, however, of the second and third volumes remain to supply 
those who have not completed their sets. The Council regret to 
find that they under- estimated the demand for this work, some ap- 
plications having been made for it which they are unable to comply 
with ; but they have guarded against a similar result with tie 
works subsequently undertaken. 

“ The works now in progress arc the continuation of Bisciiof's 
‘ Chemical and Physical Geology,’ the first volume of which the 
Council arc glad to find has given much satisfaction, and Gmelin's 
‘ Organic Chemistry.’ Other works are under consideration. 

“ The proposition which the Council made last year, and which 
was sanctioned by the Anniversary Meeting, to the effect that the 
first six volumes of Gmelin's ^ Chemistry,’ comprising the wffiole 
of the Inorganic Chemistry, should be supplied to Members of the 
Society for two guineas, has been carried into effect, and forty-six 
sets have in this way been disposed of already. This arrahgement 
seems to be generally approved of by the Members, through whom 
chemists and public institutions are enabled to get the first part of 
this valuable Avork, and are thus induced to join the Society as the 
means of completing the subsequent part. At the same time the 
Members derive an additional advantage from the arrangement, as the 
increased income resulting from it enables the Council to add to the 
number and value of the works annually produced by the Society.” 



TuKASUBEii’s Statement of tlie Receiet! ad Exeeneiteee of he Cavendish: So* 
from the 1st of March, 18^ to the 27th of Februaa 1 855. 
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It was resolved, 

“That the Report just read be received, approved, and adopted.’^ 


The Meeting then proceeded to the election of Officers for the 
ensuing year, and the following Gentlemen were declared to have 
been duly elected : — - 


PBOPESSOIi Geaham, P.K.S. 




Jacob Beib, T.L.S. 

Peoebssob Beakbe, P.R.S. 
Eaex or Buelinoton, P.R.S. 
SiE James Ceaek, M.I)., P.RJ 
WaX/TEe Cetjm, P.R.S. 

JoH3^ Davy, M.T)., P.R.S. 


Ohaeles G-B-Battbeny, 

Miciiaex Paeaday, D.C.Ij., P.K.S, 
J. P. Gassiot, P.R.S. 

W. A. Mielbe, MJ)., P.E.S. 
Peoeessoe Wheatstone, P.R.S, 
CoXONEL PniLIT? Yoeke, P.H.S. 


CatincfT- 


Alexander Bain, Bsq, 

G. B. Buckton, P.C.S. 

Dxto-ald Campbell, P.C.S. 

Philip James Chabot, M.A., P.C.S. 
Henry Deane, Esq. 

W. Eeeouson, F.C.B. 

A. B. Gabeod, M.D. 

John Hall Gladstone, Ph.D., 


J^ J. 

G. D. Longstaet, M'.D., P.C.S. 

R. POEEETT, E.R.S. 

Robert H. Semple, It.D. 

Aleeed Smee, P.R.S. 

R. D. Thomson, M.D., F.B.S, 
James Tennant, P.C.S. 

A. W. Williamson, Pli.D., F,C.&. 


Cr«Hj^urBr* 

Henry Beaumont Leeson, M.P., P.R.S., St. lliomas^s Hos|jRal. 


Theopfilus Eedwood> Ph. D., 19, Montague Street, Russell Square, 
and 17, Bloomsbury Square. 


Calltrtnr* 

Mr. Thomas West, 32, Soho Square. 



It was resolved, 


“That the Rev. J. P. Dale, Me. Wm. Bastick, and 
Mr. Daniel Hanbuey, be appointed Auditors Ibr the ensuing 
jear/^ 


The following Resolutions were unanimously adopted 

“ That the thanks of - the Meeting be given to the Pre- 
sident, Teeasxieer, and Council, for their services to the 
Society.’' 

That the thanks of the Meeting be given to the H(^noeae y 
Local Secretaries for their 'services to the Society.” 

“ That the thanks of the Meeting be given to the Chemical 
Society for the usa of their rooms on the present occasion.” 

The Meeting was then adjourned- 

THEOPHILUS REDWOOD, Seceetart, 

19, Montague Street, Russell Square, 
aud 17. Bloom sburv Souare. 


March Isr, 1S65. 



OBJECTS, &c., OF THE CAVENDISH SOCIETY. 


Tile (Javendisk was institut'd for the promotion of 

Ckemistry ami its allied scieiict's, by the diffusion of the literature 
of these subjects. 

The subscription, cotistiluliiift membc'rship, is one j^uiinea n-year, 
to be paid in advance; and the subscription be(‘()nu‘s due on the 
1st of January of each year, A m<‘nibc‘r is entitled to a copy of 
every book published by tbe Society for the year for wbicdi be lias 
subscribed, but no member can receive the Si)cit'ty’s publication 
until his subscription has been duly paid. 


WORKS OF THE CAVENDISH SOCIETY. 


1848. 

l.—OHEMIOAL HEPORTB AND MEMOliiS. Edited by Tiiomab 
Quaham;, E.tl.B, (Out of Print.) 

a—IIAND-BOOK OF OllEMfSTaY. By Jm>vom QBmnm. TrauB- 
laied by IIenky Watts, B.A., F.O.B. VohT, 

1841). 

3. — HAND-BOOK OF GIIEMbSTIlY, By LEononn Ometun, Vol II. 

4. -~HAND-B00K OF OHEMISTIIY. Bv Vol III 

5. —THE LIFE AND WORKS OF OAYBNPLSII. By Dr. anoimu 

’ WinsoN. 

1850 . ^ 

C.— HAND-BOOK OF OITEMIBTRY, By LEoronn Guimw. Vol IV. 

7. -~-HAND-B00K OF CniMlRTRY. By Lboi>old OMEm. Vol V. 

18/51. 

8. — PHYSIOLOGICAL 0TIEMT8TRY. By Tnommou JmtmAm. 

Translated by Geoege E. Day, M.D., FJl.S. Tol L (Onlof 
Print.) 

9. -^HAND-B00K OF CHEMISTRY. By LeoeCM) Gmemn, Vol VL 

1852. 

10. --.HAND-B00K OF CHEMISTRY. By LEoronn Gmewn. Vol VIL 

(Organic Chemistry, Vol. I.) 

11. — PHYSIOLOGICAL CHEMISTRY. ByPiiorESSOE Lbhmaei^. Vol 11. 

12. — ATLAS OF PLATES reeating to PHYSIOLOGIOAL CHEMIS- 

TRY. By Dr. Otto Fttnke. 

(Supplement to Lehmann’s Phybiologioae Ouemistey.) 

1853. 

13. — HAND-BOOK OF CHEMISTRY. By Leopold Gmehn. VolVTII. 

(Organic Chemistry, Vol. TI.) 

14. - ELEMENTS OF CHEMICAL AND PHYSICAL GEOLOGY. By 

Proeesbor Bischof. Vol L 



1854. 

15. -^THE LIFE AFD SCIENTIFIC RESEARCHES OF EALTON. 

By Be. W. C. Heney, F.R.S. 

16. — ^PHYSIOLOOICAL CHEMISTRY. By Peoeessor Lehmann. 

VoL III. 

17. — LAURENT’S CHEMICAL METHOD. Translated by Wm. Oumm, 

M.B. 

1855. 

18. — HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. IX. 

(Organic Chemistry, Yol. III.) 

19. — A second book for this year will be issued. 


CHEMICAL REPORTS AND MEMOIRS. Edited by Professor 
Graham. This work is out of print. 

GMELIN^S HAND-BOOK OP CHEMISTRY. Translated and 
Edited by Henry Watts, B.A., F.C.S. 

Members of the Cavendish Society, or others through a Member 
of the Society, may obtain one or more copies of the first Six 
VOLUMES of this work, comprising the whole of the Inorganic 
Chemestry, for a Subscription of two guineas. 

jMembers may also have for one year's subscription the Seventh 
AND Eighth Volumes of Gmelin’s Handbook, which are the 
first two volumes of the part treating of Organic Chemistry. 

TKe Ninth volume of the Handbook is the first of the books for 
1S$5: 

LEHMANN^S PHYSIOLOGICAL CHEMISTRY. Translated and 
Edited by Dr. G. E. Day, F.R.S. 

The First Yolume of this work is out of print. There stiU remain a 
sufficient number of copies of the Second and Third Yolumes, and of 
Dr. Otto Funke’s Atlas of Physiological Plates, for supplying those 
members wlio have not completed their sets. 

BISCHOF’S ELEMENTS OP CHEMICAL AND PHYSICAL 
GEOLOGY.; 

The First Yolume bf this work having been issued for the year 1853, 
in conjunction with the Eighth Yolume of Gmelin’s Chemistry, members 
who do not possess, and do not desire to subscribe for, the previous 
volumes of Gmeliii, may have the Life and Works of Cavendish instead 
of the Hand-Book of Chemistry, as the second book for that year. 


Applications for the books of the Society, or for information 
relating to them, are to be made, if by letter, to the Secretary, or 
pei*sonally to Mr. Charles Wood, No, 17, Bloomsbury Square. 



^onorarp iLocal ^ecretarieis 


Dr. il. Rattray- 

J5ar^6wr2^-“ Thomas Beesley, Esq. 

Gale, Esq. 

Bath — J. r# Tylec, Esq. 

Bathgate--' Youag, Esq. 
Becdes~-W. E. Crowfoot, Esq. 
Bedford — W. Blower, Esq. 

Belfast — Dr. J. F. Hodges. 
Birmingham — George Shaw, Esq. 
Bodmin — D. F. Tyerman, Esq, 

Bolton — H. H. Watson, Esq. 

Robert Parkinson, Ph. D* 
Brighton — F. Basse, Esq, 

Bristol — Wm. Herapath, Esq. 

Cambridge— yr. H. Miller, Esq., 
M.A., F.lkS. 

€arlish—T>x. H. Lonsdale. 

Chester — R. D. Grindley, Esq. 

Clifton — G. F. Schacht, Esq. 

Cork — Thomas Jennings, Esq, 

Francis Wyley, Esq. 
Derby— D t. A. J. Bemays, 

Dublin — Dr. J. Apjohn. 

Dudley— Plollier, Esq. 

Dumfries — W. A. F. Browne, Esq. 
DwrAaw— William Clark, Esq. 
Bdinburgh — Dr. Geo. Wilson, F,R,S.B. 

George Cooper^ Esq. 
Bamhum — W. Newnham, Esq, 
Galway — Dr, Edmond Ronalda 

Crum, Esq., F.R.^. 
Gloucester — Thomas Hicks, Esq. 
<?<?^2?or^““Dr. W. Lindsay, R.K, 
Querns^— Bt* 1. HoskinB, F.R.S. 
Ernfm-U^ W. Oarliek, M.D. 
SeMtmp—G. W. Moyhe, Esq. 


//ex^am— John Nidholson, Eiq.. , 
Horsham — F. Snelling, Esq. 

Hull — J. L. Seaton, Esq, 
Leamington — S. A. Sandali, Esq. 
Leeds— W. S. Ward, Esq. 
Leicester— If . H. Stallard, Esq. 

_^|Dr. J. Dickinson. 


Liverpool- 


J. B. Edwards, Ph. D. 
Llandilo — B. Morgan, Esq. 

/John Graham, Esq. 
Manchester ■! Alfred Binyon, Juu., 
1 Esq. 

Walter Hibbert, Esq. 

HewcasUe-on- Tyne — Benjamin Gil- 
pin, Esq, 

2few^H>rt {M onmmithshire) — Ebene- 
xcr Rogers, Esq. 

Harwich — Edward Arnold, Esq. 
Hottmglmn— Joseph White, Esq. 
Oxford — IT evil Story Maskelyne, Esq 
Plymouth— Pridoaux, Esq. 
Portsmouth — W. J. Hay, Esq. 

St Andrew's-^Dr. G. E. Day, F.R.S 

St Helen's {Lane .) — James Shanks 
Esq. 


Shield— 3. W, Slater, Esq. 
Southampton— y( . B. Randall, Esq4 
South Shields — John A. Mease, Esq 

Stockhridge—Qicomc Edmondson, 
Esq. 

Swansea— Thomw Williams. 
If/uMaw— John B. Wilson, Esq 
Wimlmtcr — G. Gunnorj Esq. 
Wolverhampton— 'B. Walker, Esq. 
Foroe^^er— W. Perrins, Eiq, , 
Yorh—Vi’, G, Procter, Esq. 


UNITED STATES. 

Hew Torh—Eerxr^ Bailliere, Esq., 290, Broadway- 
Philaddphia—Willism Procter, jun,, Esq. 
Cambridge — John Bartlett, Esq. 
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